DOCUMENT RESUME 



ED 226 194 
TITLE 

INSTITUTION 



SPONS AGENCY 
PUB DATE 
.NOTE 
PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



CE 035 083 

Aviation Structural Mechanic, Second Class , 2-13. 
Military Curriculum Materials .for Vocational and 
Technical Education. ^ 
Coast Guard Inst., Oklahoma City, Okla.; Ohio State 
Univ., Columbus. National Center for Research in 
Vocational Education. 

Department of Education, Washington, DC. 
Oct 81 

229p.; For a related document see CE 035 082. 
Guides - Classroom Use - Materials (For „ Learner ) 
(051) 6 . 

MF01/PC10 Plus Postage. 

♦Aviation Mechanics; Aviation Vocabulary; Behavioral 
Objectives; *Construc t ion (Process); Correspondence 
Study; *Learning~Activities; Learning Modules; 
Military Training;, Postsecondary Education; Programed 
instructional Materials,; *Safety; Secondary 
Education; *Sheet Metal Work; Technical Education; 
*Units of Study; Vocational Education; Workbooks 
Military Curriculum Project 



ABSTRACT 

This self-paced,, individualized course, adapted from 
military curriculum materials for use in . vocational and technical 
education, teaches students the skills needed to become aviation 
structural mechanics (second class). The course materials consist of 
five pamphlets covering the structural maintenance and repair of 
aircraft. The first pamphlet provides basic and general safety 
requirements for aircraft ground handling operations and for work 
performed on the line, in ships, and in the hangar. The second 
pamphlet provides basic information bn the types, uses, and 
installation and removal of common types of hardware, such as bolts, 
nuts, and washers as well as miscellaneous hardware, safetying and 
turnlock fasteners. The types and characteristics of metals used in 
aircraft construction and the common types of aircraft hardware are 
the topics covered in the third pamphlet. The two types of aircraft 
metals (ferrous and 'non-ferrous ) , their characteristics , 
identification and uses in aviation are discussed. Alsd\included are 
the factors to be considered when substituting and interchanging 
metals in aircraft construction. The fourth pamphlet presents an 
overview of the corrosion process, including identification and 
removal of , corrosive damage , and metal surface preservation, while 
the final pamphlet provides more detail about the corrosion process. 
Each pamphlet is a student workbook with reading assignma-nts , 
learning objectives, self-tests, and answers to the tests. Materials 
are illustrated with line-drawings. (<KC) 
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MILITARY CURRICULUM MATERIALS 

The miUtary-developed curriculum materials irt this course 
fiackaS «ere selected by the National Center for fsearchH, 
SSSonal Education Military Curriculum Project for dxssem- 
SSon to tS si* regional Curriculum Cc^dinatxon Centers and . 
Sner instructional materials agencies. |rhe purpose of 
Sseminating tiiese courses was to make Curriculum mterials 
•SJetoSd^ the military more accessible to vocational 
educators in the civilian setting. 

The course materials were acquired, evaluated by project 
^ staff and oractitloners in the field, and prepared for 
KLSation Materials which were specific to the ralitary 
wire^SeSd?' copyrighted materials were either emitted or appro- 

forihSr Se^as -obtained.- These course packages contain 
currJ Slum resoSce materials which can be adapted to support 
vocational instruction and curriculum development. • 
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an activity lo increase the accessibility of 
military developed curriculum materials lo 
'vocational and technical educators. 

This project, funded by the U.S. Office pf 
. Education', include? the identification and 
acquisition of. curriculum materials in print 
form from the toast Guard, Air Force,- 
Army, Marine^Corps and Navy. 

Access lo military curriculum materials is 
provided through a "Joint Memorandum p( 
Unde i standing" between tl^JU.S. Office of 
Education and the Department of Defense. 

The,acqutved materials are reviewed by staff 
nud subject mailer specialists, and courses 
deemed applicable: to vocational and tech 
njcal* education an* selected for dissemination.* 

The National Center for Research in 
Vocational Education is the US. Office of 
• Education s designated representative to 
acquire the materials and conduct the project 
activities. 0 

Project Staff: _ ' • 

Wesley E. Budke, Ph.D., Director 
National Center Clearinghouse 

Shirley A. Chase, Ph. D^ _ 
Project Director . 
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One hundred twenty courses on microfiche 
(thirteen in paper form) and descjriptipns of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum outlined, instructor 
guides, student workbooks apd technical 
manuals. 

TlTe 120 courses represent the following 
• silRWh vocational subject areas: 
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Construction 

Trat||| 
Clerical . 

Occupations 
• Communications 
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Management & 
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Engine Mechanics - Public Service 

The number of c5urses and the subject areas 
represented will expand as additional mate- 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 
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in your region for information on obtaining 
materials (e.g., availability and cost). They 
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you to an instructional. materials agency 
closer to you. 
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Court* OMcription: 



This course covers the areas concerned with the structural maintenance and 

* repair of aircraft. It is divided into the five areas mentioned before. 

The first pamphlet provide* basic and general safety requirement^ for air*- 
craft ground handling operations and for work performed on the line, in ships, and 
in the hangar. " 

The primary purpose of the second pamphlet is to provide basic, and general 
informatiotf on the types, uses, and installation and temoval practices involved with 
the common types oi hardware. The two sections covered aye: Bo^ts, Nuts, and r 

* Washers; and Miscellaneous ^Hardware, Safetying and Turrilock Fasteners. 

Outlining the types and characteristics of mfctals' used in aircraft construction 
- and identifying the common types of aircraft hardware are the topics 'covered in t;he 
third pamphlet. Th2 two. major topics? covered are aircraft metals and aircraft structural 
hardware. The two types of aircraft metals (ferrpus and non-ferrous), their 
characteristics, identification and uses in aviation are covered. - Also discussed 
are -the factors to be' considered when substituting and interchanging metals in air- 
craft construction." Provides information on %he common types of structural hardware, 
identification of various types of" hardware, their uses, proper installation and re- 
moval procedures, and the special tools required for each type. 

Presenting a getieral overview of the harmful effects caused by corrosion is 
part of the primary purpose of the fourth pamphlet. Familiarizing" the student, with 
the theow of corrosion, corrosion detection and identification, corrosion removal, 
and metal surface preservation is included, also. >t1 

The last pamphlet goe$ i&to more detail about the Subjects in pamphlet 'four; 
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GENERAL AVIATION SAFETY 
AND 

AVIATION MAINTENANCE ADMINISTRATION 



r Second Edition: vOctober 1981 
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* U.S. Coast Guard Institute 
Aviation Branch 
P.O. Substation 18 
Oklahoma City, OK 73169 

FTS: 749-4464 . 
COMM: (405) 686-4464 



Questions about this text should be addressed to the Subject 
Matter Specialist for the Aviation Machinist's Mate Rating. 



NOTICE TO STUDENT * 

The primary purpose of thiH self-paced, nonresident training pamphlet is to present a general overview of avia- 
tion safety practices and aviation iivdntenandS aa administration procedures. The training is designed for aviation 
second class petty officers. \ - 

The pamphlet provides basic and general safety requirements for aircraft ground handling operations and for 
work performed on the line, in ships, and in -the hangar. The administration portion of the pamphlet briefly 
decribes the Coast Guard Aircraft Maintenance Management System and the Coast Guard, Air Force, and 
Navy directives systems arid publications. Also, various aircraft maintenance forms and reports are described 
and illustrated, and the aviatidn supply system .is briefly outlined. The pamphlet content is based on the Coast 
Guard Enlisted^ualificatioii^Manual^G-311). * 

IMPORTANT NOTE: This text has been fcpmpiled for TRAINING ONLY. It should NOT be usqd in place of 
official directives or , publications. The text information is current according to the references listed,- You 
should* howevett remember that it is your responsibility to keep up with the latest 'professional infon^ajion 
available for your rating. Current information is available in The Coast Guard Enlisted Qualifications MWrmal 
(CG-311).< 

{1 This pamphlet is divided into six sections: 



(1) General Aviation Safety" 
•♦ - ^(2) Coast Guards Aircraft MaintenariCeM^nagement System 
"(3) Coast Guard Directives, Publications, Foritrs^dJ* e P orts 
.(4) Air Force Technical Order System ^ 
» . ' (5) Navy Publications^ 

(6) x\viation Supj^System \ 

Each reading assignment is divided into three parts: 

Reading assignment and objectives • ? ^ 

Reading material 

Self-quiz with answers and references. The answers are located on the fc)age(s), immediately following the 
> * quizzes. 

In addition to the self-quiz after each assignment, a pamphlet review quiz is provided at the end of the pamphlet. 

The objectives for each assignment should lead you in the right direction for study purposes. The self-qiuzze$ 
test your mastery of the objectives. When you complete all the assignments for the course and master e^Ch 

* objective, you should have a thorough understanding of the material and should be ready to pass your Epd-of- 
Cou^Se Test. / 

REMEMBER- You must receive a score of 80% or better to pass the End-of-Course Test. You should use your 
spare time to REVIEW the material before you take the EOCT. 

SWE STUDY SUGGESTION: Servicewide exam questions for your rate and pay grade are based on the Pro- 
fessional and Military Requirements sections of the Enlisted Qualifications Manual (CG-311). If you use the 
- , references from this text and consult th<? Enlisted Qualifications Manual, you should have good information for 
review when you prepare for your servicewide exam. 

* This course is only one par^of the total Coast Guard training program. By its very nature, it can take you onlv 
)art of the way to a training goal. Practical experience, schools, selected readings, and the desire to accomplish 
are also necessary to round out a successful training program. 

O • - * ' in 
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HOW TO STUDY THIS COURSE 

You can remember irrore of what you read if you ..... 



aV'Look over" the reading assignment first. Read the objectives and 
section headings, and'iook at the pictures. This gives ^ou an idea of, 
' what to expect in the reading assignment and helps you understand 
the objectives/ ~ • 

• 

G\ Question the reading material. *Ask yourself questions ' about a 
heading or. a picture to help you remember what you read. \ 

S Note points to review Uter, Don't just run your eyes over a page. 
Underline important fa.cts and make notes in the margin. 



4 



Close your pamphlet and repeat important points out loud. Discuss 
the reading assignment with someone if possible. This helps you 
recall information for a quiz or end-pf -course test. 

Review your underlined material, notes, quizzes/and objectives. 

This also helps you remember what you read. 






If you just read and do NOT 
underline, question, or review, 
h this is how much you are likely 
to remember. 
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r.FNERAL AVIATION SAFETY 



ReadmgAssignment: _ 
Pages 1-1 through I- IT. 

OBJECTIVES '..<-. 
After finishing this assignment, you should be able to: 

" I State the smoking restrictions you should observe when working around aircraft and engine- 

powered equipment. "' .. 

" 2. State the safety precautions you should observe in the following situations: ^ 

i A starting and operating tow tractors and other engine-powered equipment. # 
b Operating electrically powered equipment. - V 
c. Using maintenance stands and other hangar equipment. 

3. Explain the proper protection against the'following hazards when you are working on or nearj 
aircraft: 

a. High-intensity sound 

b. sRadar 

c. Radioactivity 



4. List steps yon should take to avoid injury when workingon or near: 



/ 



a. Aircraft control surfaces , 

b. Vent and drain lines 

c. The cockpit 

d. Aircraft electrical systems 

5. List and define aviation safety color codes. » , 

6. Describe the safety precautions for the following: 

a. Fuel, oxygen, and hydraulic servicing 

b. Aircraft towing f 

c. Aircraft parking and mooring 

7. State the major cause of injuries and equipment damage in shops. 

8. State the safety practices you should obse^e w*en using shop facilities, electronic equipment, 
and handtools. 
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INTRODUCTION 



The purpose of this section is to emphasize the 
importance of a good aviation safety program. Be- 
cause of the new. and complex equipment used 
today, maintenance personnel must, be- aware of the 
hazards encountered in using this eqiupment. This 
section outlines some of these hazards and points out 
proper safetv precautions. 

• 

Proper safetv measures, rigidly enforced, result in 
tremendous savings in man-hours and equipment. In 
\iviation. vour safetv and the protection-of the equip- 
ment yo?t maintain are of prime importance. Jet- 
engine-pqwered aircraft represent a still coinpar- 
tively new field* and many new hazards have devel- 
oped which did not exist for reciprocating engine 
aircraft. New and different types of equipment are 
hehig rtsed, and more special tools are being devel- 
oped. Also, the Coast Guard is now training friore 
and more specialists, with the result that morelper- 
sonnel are constantly working around aircraft. The 
increase in personnel, the use of new and more com- 
plex tools and equipment, and the added dangers at 
both ends of the aircraft justify the need for a good 
safetv program. 

This section will help you to understand the need 
for and the importance of a safetv program ^through- 
out the Coast Guard. You will also become familiar 
with some of the hazards' that you may encounter 
around jet engine aircraft. However, no°hazard js so 
great that it cannot be overcome with a little knowl- 
edge and common sense. In the following pages we 
will present a few of the major hazards and hop£ 

( that an awareness of them will aid you in your work 

in aviation. 

HANDLING fcROUND EQUIPMENT , 

A knowledge of the proper way to handle ground 
equipment is very important to you as an aviation 
petty officer. Improper handling of such equipment 
is as dangerous as improper use of it. There are three 
ways of handling equipment: the ideal way, the 
accepted way (due to conditions and location), and 
the wrong vVay. Because of the different working 
conditions encountered in the vast area covered by 
the Coast Guard, the ideal way may often differ 
somewhat from the accepted way. However, the 
accepted way is as safe as the {deal way. 

ERIC 



In the Coast Guard today we have a greater 
variety v of equipment than ever before. We will 
divide this equipment into various categories and 
give you a few points on the DO s and DONTs of 
putting the eqiupment to practical use. For discus- 
sion purposes, we will classify this equipment as en- 
gine-powered, electrically powered, and hangar 
equipment. 

ENGINE PQWERED EQUIPMENT 

This equipment includes everything from the 
, failles and trucks used on the flighMine to the auxil- 
iary power unit used to start the aircraft engine. One 
of the most important things to remember about en- 
gine-driven equipment is that it uses combustible 
fuel for its operation. Wherever combustible fuel is 
used, a potential fire hazard always exists. As an 
emergency measure, fire extinguishers (called fire 
bottles) are positioned near all engine-driven dfjuip- 
ment. To avert the possibility of fire; certain restric- 
tions are placed on maintenance personnel. 

Smoking, for example, is restricted within 100 
feet of all hangars and aircraft. In some places, 
smoking is not 'permitted on the flight line or within 
100 feet of any building on the line. This restriction 
seems a little harsh at times, but suitable smoking 
areas are provided. To illustrate the dangers of 
smoking on the flight line, consider the following in- 
cident. One ^ay when the ramp was cleared *of all 
aircraft, several of the personnel were talking while* 
standing along the edge of the ramp, from all ap- 
pearances, no danger was imminent. One of the per- 
sons lit a cigarette, and after finishing it, flipped it 
into one of the ramp drains. Immediately an explo- 
sion occurred that tore up the ramp about 30 feet in 
all directions., Upon investigation it was determined 
that someone had carelessly poured some contamin- 
ated fuel in the drain and created a potentially ex- 
plosive mixture, which needed only a spark to ignite 
it. In this instance, two peopje were guilty of violat- 
ing safety regulations, but had the^smoker observed 
the rule' regarding smoking, the explosion would not 
have occurred. 

Smoking is not the only hazard around engine- 
powered equipment. Thus, let us investigate some of 
the other potential 7 hazards where mobile units are 
used. 

The mule is a towing unit often used by mainte- 
nance personnel. For this reason we will discuss the 
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satetv measures that apply in the use of mules and 
similar towing vehicles. We know, of course, that the 
main purpose of a nude is to tow aircraft and to 
transport equipment to and from the hangar. Many 
people erroneously believe that a mule is -to be used 
for personal transportation - a notion that has re- 
sulted in- many accidents. Since the mule is geared 
low for power, it may jerk or lurch suddenly while 

- being started. Occasionally, persons seated or.stand- 
ing on it have been thrown off, with resulting inju- 
ries to them. Some mules have one single seat, and 
others have a continuous three-person seat; these 
seats indicate the maximum number of personnel 
authorized to ride. If no seat is available, never at- 
tempt to ride on the fenders or other parts of the ve- 
hicle. If you are riding and want to get off, wait until 
the nude comes to a complete stop. Never get off 
anv vehicle while it is moving. 

While towing equipment, always be on the look- 
out for trouble. Usually speed is the main cause of 
accidents; remember that a safe speed is not always 
governed by the speed limit, but usually by the oad 
you are puffing and the weather conditions. Making 
a sudden turn with topheavy eqiupment could cause 
an upset which would damage the equipment and 
endanger nearbv personnel. When pulling eqiup- 
ment with a mule, hitch the unit to the mide. Since 
trouble often occurs at the hitch, always be sure 
your hitch is secure and occasionally doublecheck it 
to make sure it has not worked loose. When towing a 
load through a congested area, have someone walk 
on each side to help you guide the load. If there is 
ever any doubt about your getting past or between 
some object's, move them or go around. "I thought I 
coidd make if is never an acceptable excuse; there 
is no excuse for this type of accident. When you are 
towing an aircraft in a congested area, a minimum 
of four people should be used: a towing vechicle 
operator (usually supervisor), two wing walkers and 
someone m the cockpit to operate the brakes. When 
sharp rums are anticipated or when backing the air- 
craft assign a tail walker. Two persons can perform 
the towing operation satisfactorily in an area where, 
no contact with hazardous objects is possible. It you . 
must tow the aircraft across an active runway or taxi 
strip, be sure you get clearance from the control 
tower first. Don t trust your own vision. Your life 
and that of others may be at stake. Precautions for 
aircraft towing are discussed in detail later in this 
section. , 

' ■ • 

Mobile units are not our only engine-driven ha- 
zards. As we stated before, wherever there is power 



there is a potential haeard. and fire is still our great- 
est hazard. 'Heat and fuel combated and controlled 
can be put to many constructive uses, but combined 
and uncontrolled, thev can be very destructive. -Fuel 
confined in* a tank is controlled, but fuel on the , 
ground or on a unit is uncontrolled. Never*service a 
unit while it is operating. Always stow flammables, m 
the area designated for their storage. When oper- 
ating engine-drive* eqiupment, always be sure that 
the exhaust gases are not coming in contact with any 
' flammable material that mav have spilled. B? sure 
that the eqiupment is electrically grounded, and kept 
a safe distance from all aircraft. When'using engine- 
driven eqiupment in an enclosure, be sure to vent 
the exhaust gases out of the enclosure, or make cer- 
tain that there is sufficient ventilation to nullity the. 
effects of the fumes, because fumes, visible or invisi- 
ble, are always dangerous. .„ 

Although there are many types of engine-driven 
equipment, ther are only two ways of starting 
them by automatic cranking (starter) or^by man- 
ual cranking. The 'automatic starter presents no 
hazards, but the handcrank presents several. How 
manv people today know the proper way to hand- 
crank an engine? How many people stop to consider- 
the injuries that can residt from one kickback it they 
do not hold the crank properly?>Coosider what hap- 
pened to one person while trying to crank a portable 
air compressor. After making a visual check ot the 
machine to be sure that it was in operating condi- 
tion the person took the crank in both hands, locked 
the wrists, and tried to turn the crank by pushing 
downward. During this cranking operation, a kick- 
back occurred. Because of the tight two-handed 
grip, the person was unable to release the handle 
and as a residt, suffered a broken wrist and frac- 
tured arm. A similar accident happened when a 
portable hydraulic test stand was being cranked. , 
The persen cranking the engine had the proper grip 
on the crank and was pidling up on the crank with 
one hand Midwav in the cranking cycle the crank 
slipped off the shaft and spun around. Another per- 
son standing too close was struck on the head and 
received a slight fracture. Neither accident would 
have occurred if the person cranking the machine 
had been thoroughly indoctrinated. f< 

The important thing to remember when cranking/ 
an engine is to hold the handle firmly with one hand 
and crank by pidling up on the handle. Thus, should 
the engine kick back, the handle will be pulled from 
vour hand instead of being driveriinto it. 
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ELECTRICALLY POWERED EQUIPMENT 

Nq>|- that you are aware of the dangers present 
when you use engine-driven equipment, let us turn 
our attention to electrically driven equipment Of 
course, the danger of fire is decreased because no 
fuel is used in the actual operation of the equipment. 
This advantage, however, is offset by the presence 
of electrical power. - 

Before 'using any piece of electrical equipment, 
vou should first know what voltage is required to 
operate the- equipment- The most comnionlv used 
voltages are the 110 and 220-volt alteniating^curreut'' 
AC) voltage sources. When preparing to use a piece 
of equipment with whicfTyou are not familiar, first 
look at its data plate and determine the voltage re- 
quired for its operation; then be certain that you use 
the correct power outlet. When more than one volt- 
age is ayailable, the receptuclefc are usually labeled.to 
lessen the possibility of making mistakes. Be sure of 
the rating of anv electrical source before you at- 
tempt to use it. * 

Electrical Hazards 

The wide use of electrical facilities and equip- 
ment in almost every Coast guan^ground operation 
exposes personnel to .many accompanying hazards, 
Equipment damaged through improper use is costly 
and can seriously affect your mission. 

Static electricity is an electrical hazard you must 
constantly guard against. It is necessary to make an 
effective connection between aircraft, equipment, 
and ground djuring servicing and maintenance oper- 
ation and also when aircraft are hangared, moored, 
or piwked. Static ground connections must meet pre- 
scribed requirements for low resistance grounds. Ap- 
plicable aircraft maintenance manuals contain spe- 
cific grounding instructions which must be obser- 
ved. This grounding may seem unimportant, but 
static electricity can cause sparks and fires which 
could destroy equipment. 

HANGAR EQUIPMENT 

Hangar equipment is very important to the me- 
chanic. For most aircraft maintenance, major or 
minor, hangar equipment of some kind must be 
used. To ensure the safety of the operator as well as 
the care of the equipment during it^j^e, certain pre- 
cautions must be taken. 

Working on different types of aircraft necessit- 
ates the use & maintenance stands. These stands are 
designed to enable a person to reach high places on 
the aircraft, where different types of work are to be 
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, accomplished. In using these stands, 'we have 
fco abide bv a few rules of common sense. The first 
rule is to make sure that the stand is in first-class 
condition (no-loose or missing nuts or bblts, no struc- 
tural defects, no loose or missing steps); The second 
rule is to make sure that the stand is clean (no grease 
or oil spots which might make you slip or fall). The 
third rule is to keep track of ^^awHbols. Do not leave 
tools lying close to the edge of the platform where 
they can be easily knoeked-off^arid possibly injure. 

" someone working Below you. Here is the fourth rule: 
Before you put the stand back in its proper area, 
make sure that it is clean, free from structural 
defects, and therefore ready for use the next time 
you need it. When you move the stand to and from 
the storage area, be .sure you have ahpther person 
help you (one on the front and one on the back). In 
that way you will not bump into or damage other, 
equipment. 

c ■ p 

Sometimes during your work, you will need to 
use jacks. Always check the fluid level before using a 
jack. When putting jacks under aircraft, make sure 
they are properly stabilized. After jacking has been 
completed, adjust and set safety locknuts or safety 
pins. If the aircraft is to remain on jacks for any 
length of time, it should be supported by cribs. Be- 
fore releasing jacks, makle sure the area is clear of all 
personnel and objeo$. After use, the jack plunger 
^. should be completely depressed, and a protective 
cover should be placed over the jack: 

Another item of hangar equipment that you will 
use is the hoist. A hoist is a lifting device that em- 
ploys slings, ropes, chains, or cables. Potential ha- 
zards.^ attending the use of lifting devices include 
swinging or falling loads, exposed moving machin- 
ery, or the failure of structural members. From the 
nature of these hazards, you cari see the necessity s 
for keeping all nonworking personnel away from the 
1 work area during operation of the hoist. You can also 
see the need for rigging the sfings correctly and for 
inspecting the equipment thoroughly before it is 
useck 

* ■ 

AIRCRAFT SAFETY AND POTENTIAL 
AIRCRAFT DANGERS 

Now we will turn our attention to a few of the 
more serious potential hazards that confront aviation 
personnel. 
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NOTE 

THE ABOVE NOISE INTENSITY CONTOURS ARE 
APPLICABLE TO FOUR -ENGINE OPERATION. FOR 
TWO-ENGNE OPERATION, THE NOISE INTENSITY 
WILL DECREASE 8Y 6 DECIBELS AT 200 FEET 
AND &YOND THE DIFFERENCE BETWEEN FOUR- - 
AND TWO-ENGINE QPERATION AT 0 TO 200 FEET 
IS NEGLIGIBLE. 

THE DISTANCES TO 100 AND MO DECIBEL CONTOURS 
ARE AS FOLLOWS? 

X 



NOISE INTENSITY CONTOURS AT TAKEOFF 
RATED" THRUSt B-52G 

r 



NOTE 

THIS CHART IS PRESENTED FOR CORRELATION WITH 
AIR FORCE REGULATION 'ISO- 3. 



ANGLE 


DISTANCE • 


, lOOdb 


nodb 


0° 


1400 FEET 


500 FEET 


45° * 


1400 FEET 


500 FEET 


90° 


1150 FEET 


410 FEET 


135? 


1500 FEET 


660FEET 









OCTAVE 
BAND 



20/75 
75/150 
1 50/300 
300/600 



DECIBELS <5] 



3 
3 
4 

7. 



I 

OCTAVE 
BAND 



600/200 
1200/2400 
240C/4800 
4600/I0KC 



DECIBELS <2] 



10 
I I 



fi> DECIBELS TO BE SUBTRACTED FROM THE -OVERALL AT 
TAKEOFF RATED THRUST. THESE VAtUES ARE MIN- 
IMUM DIFFERENCES BETWEEN THE OCTAVE BAND ANO 
iTCCNBriX NORMALLY EXPECTED AT ANY ANGLE 
AND DISTANCE 

|£> STRONG PURE TONE COMPONENTS CAN BE EXPECT- 
^ ED IN THESE BANDS AT COMPRESSOR AND/OR FAN 
BLADE PASSAGE FREQUENCIES. 



Figure 1-1. - Noise Intensity Chart, B-52G Aircraft^ 
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m GENERAL AIRCRAFT SAFETY PRECAUTIONS 

High* Intensity Sound 
' ^Personnel who work near or on aircraft are ex- 
posed to 'extremely hazardous noise potentials, par- 
ticularly when jet aircraft are being operated. ?\ot 
Only is noise dangerous to a person's hearing and in-^ 
terferes with speech communications, but noise leads 
to fatigu<£ This, in turn, leads to faulty maintenance 
work and increase the number of accidents attributed 
1 6 to 'maintenance error," as well as a general increase 
in the number of preventable ground accidents. 

Noise levels of 110 to 120 decibles (db) and above 
are common in the vicinity of jet aircraft^engines in 
operation as well ^s over a wide surrounding arfea. 
Multiengine jets (Figure 1-1) frequently exceed 130 
db, and personnel may suffer physical injures at 
these higher levels of exposure unless they are suit- 
ably protected. 

Protection against noise hazards can be obtained 
„ t through the use of ear protectors, selected aircraft 
runup areas, noise-suppression devices; and >other 
precautions. The noise intensity of jet aircrafjr is gre- 
atest to the rear of the engine at an angle ofUo° on 
either side. Do not work or stand in these higlvinten- 
sity noise areas unless absolutely necessary. Ear pro- 
tectors alone will not provide enough protection at 
levels of 130 to 140 <w.'If~you must work in these 
areas of high-intensity noise, be sure to wear a .pro- 
tective helmet or head set in addition to earplugs 
and keep the period of exposure as shortas possible. 
Noise levels of 85 db and below 'are considered rela- 
tively safe. * 

A person who has received an "overdose'* of 
sound will show several symptoms of sickness or iit- 
jury. The person may have. pain, a feeling of fullness, 
and/or ringing or burning of the ears; sometimes 
dizziness; impairment of mental concentration; and 
occasionally nausea, vomiting, or weakness of the 
knees. Emotional irritability is often a sign of noise 
fatigue. When any of these symptoms are noted, the 
affected person should be taken from the noise area 
immediately and examined by a medical officer. 

Radar 

You can be burned while working around air- 
craft. Radar can burn you as quickly a$ if you had 
touched a match to your arm. The appearance of a 
hot spot on a bare ptfftion of your skin would be a 
very good indication that you are standing too close 
to an operating unit. Of all human tissue, you will 
find that the eye tissue is the mpst sensitive to radar. 
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Radioactivity - * 

Along this same lincof nnseenor unheard dangers 
is RADIOACTIVITY. At some time or other vou 
may come into contact with aircraft contaminated 
by radioactivity r* consequently, there are' a f few 
things you should know about radioactivity. Al- 
though you cannot see or hear radioactivity, it 'can 
'make you sick, burn you, or even kill you if you 
should be subjected to a large enough dose at one 
time. 

If there are signs (Figure 1-2) to the. effect that an 
aircraft is contaminated, stay out of that area unless 
you are assigned to a decontaminati6n crew. If you 
are assigned to one of these crews, the base medical 
center will inform you of what equipment to use and 
the hygienic factpfj that affect you. A couple of the 
more important pieces of equipment you would use 
are the film badge and a dosimeter, for this equip- 
ment tells the base medical center how much ra- 
dioactivity you. have received. In turn, the informa- 
tion will be placed in your medical files for future 
reference.' * 




Figure 1-2. - Radiation. 



Control Surfaces 

There are manv other sections of the aircraft 
which present definite hazards to maintenance per- 
sonnel. For example, all control surfaces are ex- 
tremely dangerous. Be moving the cbntrol stick left 
or right in the cockpit, we raise One aiieon and lower 
the other; by moving the control stick forward or 
rearward, we raise and lower the elevators: and by 
manaully moving either .the ailerons or elevators 
from the outside, we also move the control stick in 




the cockpit. Thus, always make sure that personnel 
are clear of the aircraft l>efore moving any control 
surface. Let' lis consider an accident that occurred 
because someone didn't look before moving, the 
stick. A person working under the wing of an air- 
craft was changing an aileron eyebolt. To change 
thfc bolt, the person had to place several fingers be- 
tween the stationary skin of the aircraft and the 
movable surface of the aileron. While removing the 
bolt, someone in the cofckpit, without ldqfcing, 
moved the aileron. The- person's fingers , were 
mashed between the fixed and movable surfaces./As 
a result of someone else's carelessness, the individual 
suffered thf loss of several fingers. To prevent this 
• from happening to you, always have someone hold ( , 
the moveable surface ih the position you desire it* 
preferably from within the cockpit. - . , 

When working on the wing flaps or on apy sur- 
face which is* electrically or hydraulically operated, 
be sure you have rendered the system inoperative 
before yoti begin to work on it.' Almost all cdhtrol , 
surfaces have sharp edges. You irtusts^lways be ^ert 
to ke?p from bumping into these edges; As a safety 
measure (Figure 1-3), place a red streamer, piece of 
red tape, or corner cover over the edges to attract at- 
tention to these dkngers. In some instances the fixed 
control surf aces are low enough to come into cdntact 
with the body. .The phly safety precaution to prevent 
your bumping these surfaces is alertness Keep your 
mind on,whdt*ou pre-dbiyg- and don't let anyone 
distract you while you are moy^ng around the 
aircraft. , 



is- 

Vent and Drain JLines 
V. Underneath most aircraft there are numerous 
vent and .drain lines. The ends of theke lines are 
usually cut at an angle to prevent any siphon- 
ing action ^ that otherwise might take place during 
flight. Because of the angle at which tlfese lines are . 
cut,* they frave sharp edges which can 'tap youf 
clothes, artd tut your skin. If you cut yourself on a 
fuel. vent,you rim the risk of getting lead poisoning. 
Since vent lines are left uncovered, it is important 
that^you protect yourself while working, under the 
aircraft. \ 

. /> 

Cockpit .v 
* You may have cause, from time to time, to work 
in the-cockpit! you should familiarize yourself with 
the location of all the switches you will need tojise. 
While you are irt the cockpit x do not move any 
switches other thah the ones that concern youf job. 
•Don't be a shov^off or a hangar pilot. 

Aircraft Electrical Systems 

If, possible, use in auxiliary power unit when 
checking a unit for operation/ Be sure to keep the 
aircraft electrically grounded at all times white it is 
in thehang&r pr being vVorking on. Never connect 
electrteal ppwer to an aircraft before checking with 
- other persons working on the aircraft; someone 
might bfe working* with electrical leads or have 
switches set to actuate some electrically operted 
mechanism. 




——RED 

STREAMER 



Figure 1-3. - Red Warning Flag. 
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" Ho .'S - . 

Fuel and Oxygen Servicing 

You may at sometime be required to service an 
aircraft with fuel and oxygen. Vfoen you are refuel- 
ing afi^aircraft, make sure that the fuel truck and air- 
craft are grounded to the earth and to each other as 
well as the fuel nozzle to the aircraft. If you accident v - 
talty spill any fuel, be sure you clean it up. Alsfc be 
careful not to get any fuel on your clothes or body; 
fuel-saturated clothing will irritate your skin, and 
fuel on your skin can penetrate sufficiently to cause 
lead poisoning. 

• 

Do not refuel an aircraft near any operating radio 
or radar equipment. While operating, this equip- 
ment builds up charges of static electricity that can 
be transmitted to objects 100 feet away; on certain 
types of radar s^ts the distance will vary from 100 
feet tp 1,000 feet, depending on the frequency out- 
; .put of the set. As you know, there &e two categories 
K . ' of radar equipment, airborne radar and ground 
raclar. The safety ranges for, airborne radar vary 
\ from 100 feet to approximafejy 300 feet. On the 
. ground, radar can be dangerous up to 1,0Q0 feet.- 

* One of the best ways to eliminate the 'danger of re- 
fueling an aircraft in an operating radar danger area, 

* • is to* consult the base communications officer. This 

officer knovys the areas in which these sets are lo- 
cated and also the danger range of these sets. * • . 

To prevention explosion when you service an air- 
craft with oxygen, never allow any grease or oil to 
come in contact with oxygen or oxygen fittings. 
Wheu* servicing any oxygen system, always service it 
slowly to prevent excessive heating and to ensure 
proper systejn pressure. When you have finished 
sevicing an ^aircraft, alway^return the equipment to 
its designated area. Aircraft servicing precautions 
• are discussed in detail later in this section. 

Safety Color Coding , x 

All designated areas will be marked either by> 
painted surfaces or by informational signs. Since 
each color of paint has a definite meaning, we are 
going to discuss a few of the colors commonly used. 
Red^ indicates such dangers as an open hole, a red 
stop light, and petroleum, oil, and lubricant (POL) 
areas (where gasoline, oil, etc., are stored). Fire ex- 
tinguishers, fire trucks, and some of the other safety 
equipment for these danger areas are painted red. 

Yellow indicates caution: For instance, at an 
overhead hoist, the area below the hoist will be pain- 
ted in. yellow stripes. This warnijig could prevent 
you from bumping your head on the chain hook 
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hanging from the hoist. Green is the color used to in- 
dicate safety, first-aid equipment, location of gas 

• masks, and other safety equipment. 

Ct 

Black, white, or a combination of these two colors 
is th6 basic color marking used for traffic, direction- 
al, housekeeping, and informational signs and sig- 
nals.' Solid colors, alternate black or white stripes, or 
black and white checks may be used. 

ENGINE* SAFETY- 

, It may sometimes be necessary for you to help 
remove an engine from an aircraft. When removing 
the engine, you must be sure that the engine sling is 
securely fastened. After the engine is removed, 
cover the ends of all open lines and electrical circuits 
to prevent foreign materials from entering the dis- 
connected lines and to prevent exposed electrical 
circuits 7 f rom shorting. As an example of what can 
happen when lines and circuits are left exposed, let 
us consider the following incident. 

At an air station it was discovered that after a 
high wind a large amount of sand and dirt had been 
blown info the open lines of an HH-52A. Fortu- 
nately, the sand and dirt were discovered before a 
new engine was installed. If the engine had been ins- 
talled, the sand and dirt would undoubtedly have 
caused the failure of one or more of the systems in 
- flight; and the loss of the aircraft and* possibly the 
pilot and crew would have resulted. From this ex- 
ample, you can see why it is essential that open lines 
or circuits bb taped or covered when an engine is re- 
moved. 

After removing -the engine from the aircraft, you 
will find it necessary to place the engine in a stand 

* before working on it. When you place an engine in a 
stand, be sure that the engine is properly secured. If 
the engine is not properly secured, it may slip or 
shift and cau$e injury to personnel and damage to 
the engine. 

The safety precautions we previously covered re- 
garding equipment also apply to engines. There are, 
however, additional safety practices that pertain to 
the care of the engine. Summed up,% these methods 
consist of good maintenance habits. To break them 
down and give you an idea of what we mean, let us 
consider safetying devices. Because of engine vibra- 
tion, it is necessary that we ensure positive security 
of screws, bolts, and other fastening devices. Safety- 
ing devices include safety wire, cotterpins, and self- 
locking nuts. For safe operation* of the engine, you 
nVist properly replace safety devices on all Units on 



Which a safety is required. Sometimes some of these 
devices mav seein unnecessary to yoiu but always 
remember that the manufacturer of the engine, 
through experience, has established the need for 
them. - ■ 

At one time or another while working on an air- 
craft, you will probably drop a nut or something into 
some inaccessible place. No maffer how small the 
dropped article may be, take time to remove it Be 
sure that there are' no pieces of safety wire or any * 
other material left lying in the engine compartment. 
.The smallest particle sucked into and through the 
engine can damage it enough to require major repair 
or overhaul. • '* 

JET AIRCRAFT DANGER AREAS 

General safetv standards Relative to conventional 
type aircraft also apply to jets; however, ground han- 
dling of jet aircraft involves some additional hazards. 
'For example, when a jet engine is in operation, the 
exhaust blast behind the engine, the suction effect in 
front of ^he engine, and the turbine wheel danger 
area require particular attention of all personnel 
working in the immediate area. Other hazards in- 
'elude high-intensity sound, radio-frequency radia- 
tion, and powec-actuated equipment. (Figure 1-4 

shows jet and radar antenna danger areas.) 
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Figure 1-4. - Jet and Radar Antenna 
.Danger Areas. 



Turbine Wheel Danger Areas 

Bo not stand near the red stripe painted on the 
fuselage or engine nacelles of jet aircraft during en- 
gine runup. This stripe and danger area mark the 
plane of turbine wheel rotation, which is a poten- 
tially dangerous area if the turbine fails. 

Engine Exhaust Danger Areas 

The high-velocity high-temperature exhaust blast 
of a turbine engine is particularly hazardous to per- 
sonnel and is to be carefully avoided. Do not pass 
. close behind a jet aircraft with its engine operatihg. 
Before starting anv jet engine,- remote .tools, spare 
parts, and other objects from the bl&st areas. Too 
often a. person forgets or does not realize how dan- 
gerous these areas can be. (See figure 1-4.) 

Engine Intake Danger Areas 

The suction effect of a jet engine is sufficient to 
cause fatal injury to personnel arid extensive damage 
to equipment. Do not wear loose clothing or carry 
objects which might be drawn into the ducts when 
working on or near jet aircraft. In addition Remove 
all objects from in front of or in the intake ducts be- 
fore starting engines. " ' 

There have been instances where people have 
been sucked into the' intake of jet aircraft, and, of 
course, they lost their lives. If you see a sign like that 
in figure 1-5, observe the warning." . 
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Figure 1-5. - Jet Engine Warning. Sign. 
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HELICOPTER DANGER AREAS; 

Helicopter danger ureas that vqu should be aware 
of include the main rotor blades, tail rotor blades, 
•and engine areas. Keep clear of rotary wing aircraft * 
for at least a distance equal to the length of the craft 
to prevent injury and damage in case of a quick ex- 
1 cessive throttle start which might swing the tail 
rapidly. During engine operation, keep clear ot the 
plane of rotation of the jet .turbine section, tnain 
rotof blades, and tail rotor. Use caution when Ap- 
proaching the plane of rotation of the main rotor 
blades, since they tend to 'droop at decreased speeds. 

PROPELLER AIRCRAFT DANGER AREA.^ 

* Danger areas for propeller type aircraft ar^r simi- 
lar to other aircraft and also require that you be alert 
and careful. The most hazardous conditions exist 
when tlie engines are operating. Thej*e have been 
cases where men, preoccupied with something other 
than the propeller danger area, have walked right 
into a turning propeller and out of this world. Your 
best insurance against this danger is to Keep alert/ 
and aware of the danger areas. (See figure 1-6.) The 
plane of rotation of a turning propeller is also a dan- 
ger »area. If the engine is a turboprop type, addi- 
tional danger areas include the plane of rotation of 
the exhaust turbine wheel, jet intake ducts, and jet 
exhaust blast. 

AIRCRAFT SERVICING PRECAUTIONS 

Aircraft servicing precautions have been inluded 
in this course for safety jiurposes. Some procedures 



that will be performed by other f maintenance 
personnel are included; however, it is important that 
you know all precautions not only concerning your 
own work but for work being performed near you. 



FUELING PRECAUTIONS 

Fueliiig aircraft from either trucks or hydrants 
requires the utmost caption on the part of all per- 
sonnel'. Modern fuels used in hi^h^erformance 
aircraft are extremely flammable^and easily ignited. 
Fuel vapors can be ignited by static^ or friction 
sparks, hot exhaust pipes, fighted cigarettes^ electri-. 
cal' devices, and' similar igniticfn sources. In the case' 
of aviation gas, a temperature of only 540° F will 
cause ignition anchfire. Early jet fuels were consider- 
ably less hazardous than normal aviation gasoline. 
However, the fuels used in* modern jet aircraft are 
potentially more dangerous than gasoline. < Jet fuel, 
grade JP-4, is a low Vapor pressure fuel aWd has to 
be handled with the same respect and care as high 
octane aviatiori gasoline. Because of its relatively low 
vapor pressure range, "JP-4 requires Added precau- 
tions in handling. Jet fuel contains "more toxic 
aromatics than aviation gasoline and must be hand- 
led with the same health precautions ' that apply to 
leaded gasolines. Petroleum vapors, regardless of 
their toxicity, will displace the oxygen in an area 
because of heavier weight and may cailse asphyxia- 
tion. All safety standards detailed in appropriate 
technical orders must be observed during any fuel- 
ing operation. 
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Figure 1-6. - Danger Areas, HC-130B Aircraft,, 
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NofmaUv only persoimek&ctually engaged in the 
fueling operation will he allowed in the area, but 
they must not carry matches, lighters, or other 
sparking or flame-producing devices on their per- 
sons. Aircraft -pneumatic, oil, and water alcohol sys- 
tems mav be serviced concurrently with fueling 
operations when it is essential to meet established 

* operational requirements: I all safety precautions 
• must bk observed, and no electrical circuitry other 

than that required for fueling operations must be ac- 
tivated. Smoking is not permitted within 100 feet of 
aircraft. Personnel must use utmost caution and 

* 'strictly adHfcre to safety precautions ; during these 

operations. 

AH operating servicing equipment ground power- 
plants, ground heaters, air compressors, and similar 
equipment must be shut down before the start of 
' fueling or defueling operations. If the equipment is 
not needed during the fueling or defueling opera- 
tions, it must be moved to a point not less than 50 
- feet awav frpm the aircraft. If the equipment is ne- 
eded' immediately before or after fueling or defuel- 
ing operations, it may be left connected to the air- 
craft during the operations.' Make sure the equip- 
ment is shut down before starting the operations. 
The connected equipment must be positioned at a 
maximum distance from fueling points and vents 
and must not be restarted until fuel vapors have 
y dissipated. 

All personnel must be particularly careful not to 
come in contact with fuels, inhale fuel vapors, or 
swallow aviation gas or jet fuels. When aircraft fuels 
come in contact with the skin, a solvent' 'action oc- 
curs, removing natural fats^uels act as direct irrit- 
ants to the skin and quite frequently cause contact 
dermatitis. Extensive vapor inhalation may cause se- 
rious illness, and accidental swallowing' of fuels will 
result in internal injury and possible death. Person- 
nel subjected to splashed or sprayed fuel, whose 
clothing become more than slightly damp, should 
immediately depart the area and remove their cloth- 
ing, A shower should be taken a quickly as possible 
to prevent irritation of the skin. Clothing contamin- 
ated with fuel must not be removed near any source 
Jk^of •possible ignition. Such clothing should be exposed 
f to free air drving (out of buildings) as soon as re- 
' ' ; moved and should be washed in soap and water be- 
fore being worn again. v 

The applicable aircraft maintenance manuals 
contain instructions concerning specific aircraft. 
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Oxvgen Servicing Precautions 

The use of oxygen in Coast Guard operations 
presents manv serious safety problems. There is the 
possibility of personnel injury, of course, but there is 
the even more serious possibility of fire and explo- 
sion. Although oxygen itself is not flammable, it- will 
support combustion in other flammable material. If 
oxygen is permitted to mix with flammable gases, 
the result can be highly explosive. Another source of 
danger occurs if oxygen is subjected to pressures. 
These pressures cause excessive stress and strain on 
lines and tanks, an effect which could result in rup- 
ture and explosion. Because of the hazards involved 
in handling oxvgen, particularly in aircraft servicing 
operations, only qualified personnel are permitted to 
handle this potentially hazardous substance. All per- 
sonnel engaged in oxygen handling and servicing" 
opertions must stricitly observe the safety standards 
in pertinent publications. 

Ignition Sources 

Before beginning oxygen servicing operations, 
make sure that all sources of power are turned off 
and anv other source of flame or sparks is removed 
from the area. No flames or spark-producing devices 
are permitted within 50 feet of oxygen-servicing 
operations. Aircraft oxvgen systems must not be ser- 
viced or drained within 50 feet of hangars, struc- 
tures, and/or fuel spills. Make sure that aircraft and 
oxygen servicing trailers are adequately grounded 
before beginning oxvgen transfer and are not left 
unattended after hookup to the aircraft. Pressure ox- 
ygen must not be used to inflate landing gear shock 
struts, pressure accumulators, tires, etc. **• 

Grease and Oil • 

High-pressy*rt5xygen reacts violently with grease 
or oil. To reduce the fire hazard, personnel must be 
sure their hinds, clothing, tools, and equipment are 
free of greaser oil before servicing with oxygen. 

Handling Cylinders * 

Handleroxygen cylinders carefully to avoid dani- 
age. If a cylinder is dropped or allowed to fall over, a 
valve may be damaged or broken off, resulting in the 
cylinder being propelled through the air like a rock- 
et* Store oxygen containers in cool areas out of the 
direct rays of the sun and a\vayv from other com- 
pressed gases. , „ \ ( 

HYDRAULIC SERVICING PRECAUTIONS 

Although, servicing aircraft hydrkuiic systems is 
not as hazardous as fuel or oxvgen servicing, hydrau- 
lic fluids under high pressures do involve certain 
dangers and require maintenance personnel to take 
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precautions. For example, when adding fluid to a 
pressurized hydraulic reservoir, slowly depressurize 
the reservoir before removing the filler cap, and 
dump hydraulic pressure (reduce it to zero) before 
servicing with fluid or accumulator pressure. Since 
different aircraft have different hydraulic systems, 
the servicing procedures and precautions will also 
differ. Detailed servicing instructions and precau- 
tions are contained in the applicable aircraft mainte- 
nance manual for the hydraulic component being 
serviced. The hydraulic systems of some aircraft are 
serviced with a hydraulic test stand attached and op- 
erating; this* involved observing precautions for the 
stand as well as the aircraft. Servicing x ^vith clean 
hydraulic fluid of the correct type is extremely im- 
portant to prevent failure of the sytenK It ft neces- 
sary to service accumulators .with drv filtered <iir or 
nitrogen (as prescribed), to the correct pres^yres 
under specified conditions? A hydraulic accumulator 
should never be serviced with high-pressure oxygeri. 
Any hydraulic fluid spilled in or on the aircraft must 
be removed and the area wiped clean. Be careful not 
to spill hydraulic fluid on other components such as 
•^electrical or electronic units. 

• 

AIRCRAFT GROUND HANDLING 
PRECAUTIONS 

Aircraft maintenance involves certain precau- 
tions and procedures necessary for proper and safe 
care of the aircraft on the ground. This includes 
precautionary measures for prevention of injury to 
personnel as well as damage to equipment and pro- 
perty. Ground handling operations discussed here 
include towing and parking, plus the related hazards 
concerning aircraft walkways and nostep areas. 

AIRCRAFT TOWING 

Aircraft ground handling personnel shall be thor- 
oughly familiar with all procedures pertaining to the 
tvpes of Aircraft being towed and the local operating 
w procedures regarding the ground movement of air- 
craft. Xe>vly assigned personnel will complete an ad- 
equately supervised on-the-job training program be- 
fore assignment 

competent personnel, properly checked out will 

head*the aircraft towing team. The following pro- 
cedures shall- be observed: 

1. When' possible, a minimum of Jour people 
shall be employed when towing aircraft in a conges- 
ted area. A trained team member shall operate the 
" * tow vechicle and "will normally be in charge of the 
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operation. The towing team member in charge shall 
ensure that members pf the towing crew are quali- 
\ fied for their^ssignmehts. When the aircraft is being 
\ towed in an area where no contact with hazardous 
\objects is possible, the wing and tail personnel may 
be dispensed with. The MINIMUM aircraft towing 
crew shall be two towing team members. § 

• 

2. The towing vehicle driver shall be re- 
sponsible for operating the vehicle in a safe; manner 

w and shall obey emergencystop-instructions-given by 
any team member. The operator shall be a qualifl^o^- 
driver and have a current U.S. Government Motor 

* Vehicle Operator s Identification Card. 

3. The person in charge shall assign team 
personnel as wing walkers. A wing walker shall, be 
stationed at eachwing tip in such a position that will 
ensure 1 adequate clearance of any obstruction in the 
path of the aircraft. A tail walker shall be assigned 
whflfc sharp turns are to Ite made or when the air- 
craft is to be backed into position. 

4. A qualified team member shall be in the 
pilot's seat of the towed aircraft to observe and oper-. 
ate the aircraft brakes as required by towing team 
signals. When necessary, another qualified team? 
member shall be stationed to watch and maintain 
hydraulic pressure if the man in the pilot's seat is un* 
able to do so. 

5. The team member in charge of the towing 
operation shall verify that the locking scissors or rud- 
der lock (on some aircraft) are disconnected on air- ' 
craft with steerable nose wheel(s) prior to towing the c 
aircraft. The locking device(s) shall be reset after the 
tow bar has been removed from the aircraft. 

6. Under no circumstances shall personnel 
walK^or ride between the nose wheel of an aircraft 

- and the towing vechicle, nor will they ride on the 
outside of a moving aircraft. In the interest of per- • 
sonnel safety, no person (except in an emergency sit- 
uation) shall attempt to board or leave a moving air- • 
craft or towing vechicle. 

" 7. The towing speed of the aircraft shall not 

? exceed that of the walking team members. The air- 
craft's engines shall not be operated at any time the 
aircraft is being towed into position. 

8. The aircraft brake system shall be charged » 
before each towing operation. Aircraft with faulty 
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brakes shall only be towed into position for repair 
of brake systems, and then only with- personnel 
standing by ready with chocks for emergency use. 
Chocks shall be readily available in case of any 
enifergency during any towing operation. 

- , ' 
9. To avoid possible personnel injury and air- 
craft damage during towing operations, entrance, 
doors shall be closed, ladders retracted, and gear 
locks installed. 

10. Prior to towing any aircraft, towing team 
members shall check all tires and landing gear stmts 
for proper inflation. 

11. When towing aircraft, the vechicle opera- 
tor shall not jerk the aircraft or start and stop 
suddenly. Cockpit personnel shall not apply aircraft 
brakes during towing operations unless an emer- 
gence exists, and then only on command from one of 
the tow team members. 



12. Aircraft shall be parked in specific areas 
only. Generally, the distance left between rows of 
parked aircraft shall be enough to allow immediate 
access of emergency vehicles in case of fire and also 

. permit free movement ofc equipment and materials. 

\ 

13. Prior to any movement of aircraft across 
runways or taxiways, contact shall be made with air- 
port control tower for clearance to proceed. 

AIRCRAFT PARKING AND MOORING 

Personnel engaged in aircraft parking operations 
must comply with all pertinent regulations and exist- 
ing directives. If aircraft, are to remain parked for an 
extended period or if high wind conditions are ex- 
pected, aircraft should be tied down. Strict adher- 
ence to applicable directives will ensure the safety of 
parked aircraft. 

Wheel Chocking 

Wheel chocks, fabricated^according to Coast 
Guard specifications, are placed fore and aft 1 of the 
main landing gear. Wood chocks mqst be con- a 
striicted so that no metal parts which would create 
sparks are exposed. Metal chocks may be used when 
parking areas are covered by ice and snow. 
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Guidelines - . . 

Guidelines painted on ramps and parking areas 
aid iji the safe movement of aircraft. Additional gui- 
des for positive control of vehicle traffic are painted 
on ramp surfaces. 

Mooring 

The applicable -2 aircraft technical manuals con- 
tain mooring instructions. Ropes must be tied with 
approved knots to designated mooring fittings on the 
aircraft. If any stress occurs from tire and stmt de- 
flation or rope shrinkage, these knots will allow 
enough slack to prevent the stress from damaging 
wing surfaces, fittings, and even the rope itself. 

Grounding 

Parked aircraft rkfst be securely and effectively 
grounded to reduoe^he fire hazard. Applicable -2 
aircraft technical manuals contain ground instruc- 
tions to be observed at all times. 

Safeguarding Aircraft in High Winds 
Serious structural damage to airftaft can be 
caused by high-velocit\ surface winds. Therefore, 
when at all possible,- aircraft are evacuated to safe 
r weather areas when tornadoes, hurricanes, or unu- 
sually high winds are predicted. When wind velocity 
exceeds 30 knots (sustained or gusts), light aircraft in 
temporary docks, or extended outside hangars, are 
towed clear and parked in compliance with perti- 
nent -2 aircraft technical manuals. When wind ve- 
locity exceeds 50 knots (sustained or gusts), medium 
or heavy aircraft in temporary docks, ot extended 
outside hangars, are towed clear and then parked in 
compliance with pertinent -2 aircraft technical 
'manuals. 

Tiedowns J" 
All installed exterior control locks, chocks, moor- 
ing ropes, rods and eyes, j^luding those on aircraft 
used intermittently, miis^re inspected before use 
and after being used during high wind conditions. 

Personnel Precautions 

Personnel must not stand under aircraft during 
electrical storms or high winds. 

AIRCRAFT WALKWAYS AND NO STEP AREAS 

The aerodynamic efficiency of aircraft can be 
materially affected )>y damage resulting from main- 
tenance personnel walking on aircraft surfaces. 
When repair work makes it necessary to walk or step 
on the aircraft, use the designate'd walkways and 
under no circumstances walk or step on are^s de- 
signated as no-step areas. (See figure 1-7.) 
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Figure 1-7. - Walkwax^ HU-16E Aircraft. 



All external surfaces of the aircraft, except those 
shown as nonskid areas., have a smooth finish which 
should not be marred. Surface smoothness of high- 
speed aircraft cannot be overemphasized; for this 
reason, use extra care when climbing onto or walk- 
ing on external surfaces other than nonskid areas. 
Wear either suitable soft-soled shoes or protective 
pads. Take^are not to walk on honeycomb surfaces 
or no-step areas. 



SAFETY PRECAUTIONS FOR USIN^SHOP^ 
FACILITIES AND ELECTRONIC EQUIPMENT 



Electrically operated equipment and machinery 
are used widely in various maintenance shops, and 
electronic equipment is used in the avionics shop. 
Using this equipment exposes personnel to many ac- 
companying hazards. Poor judgment in the use of 
electrical and electronic equipment is a majot cause 
of -injuries and equipment damage. You are con- 
stantly exposed to the dangers of severe electrical 
shocks, burns resulting from contact with "hot" cir- 
cuits, and injuries received in fires caused by im- 
proper use. of electrical facilities and equipment. 
Short circuits, overloading, accidental grounding, 
poor electrical contacts, and misuse are all responsi- 
ble for major accidents involving v electricity. 

Adequate training in equipment use and repair 
and proper instruction in safety requirements will 
help iniinejymrably in reducing accidents caused by 
electrical and electronic equipment* However, there 
is is still the possibility of human error. Often, ft we 



are so thoroughly familiar with ortr jobs we become" 
negligent. This negligerice results in preVentable ac-* 
cidents. The safety standards discussed in., the fol- 
lowing paragraphs are intended to» offset this human 



error. 



SHOP FACILITIES 

■ You should never operate power equipment 5 un- 
less you are thoroughly fajruHar with the equip- 
ment's' controls and operating procedures. WJien in 
doubt, consult the appropriate operating instruction 

or ask someone who knows. m ? . 

# ^ • 

You musTrealiM^OyJthat exposed moving parts 
on electrical equipment constitute a source of dan- 
ger. Many people^re injured every 4ay because they 
fail to follow directions. Let us consider an emery 
wheel, for example. Nearly all emery wheels have a 
shield and bear a sign stating: "For use <by 
authorized personnel only. Do not operate this ma- 
chine without safety glasses." Yet, not long ago a 
person went to the machine, shop to get a knife shar- 
pened. Because everyone was busy, the individual 
asked permission to use the emery wheel. After 
being told .to go ahead, thg individual proceeded to 
do so without putting on the safety glasseSiOr putting 
the safety shield down. The individual had no sooner 
touched the knife blade to the wheel than a piece of 
material from the wheel flew into the .person's eye. 
Fortunately, the individual did not completely lose 
the sight of the eye. You might not be so lucky. 
Therefore, never ignore a warning sign; it is there to 
protect you. Certainly it is better to profit from 
someone else's bitter experience than to have some- 
one profit from yours: 
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Safety Procedures 

Do not distract or in any way distrub another 
person while they are operating a power tool. 

Never try to clear jammed machinery before 
removing the source of power. * 

Electrical equipment is expensive, so don't over- 
load it. Too often a small electric drill is operated too 
long under excessive loads. As a result, the drill will 
overheat and ultimately fail. This premature failure 
can be prevented by intermittent use, which alows 
time for the drill to cool. Overheating may also cause 
some electrical element to "short out" and give the 
user a "shock or severe burn. Under certain condi- 
tions such a shock could prove fatal* Also, a "short" 
will usually result in damage to valuable equipment. 

After using a power tool, turn off the power, 
remove fhe power source, wait for all rotation of the 
tool to stop, and then clean the tool. Remove all 
waste and scraps from the work area and stow the 
tool in the assigned location. 

SAFE USE OF ELECTRONIC EQUIPMENT 

High-voltage electronics equipment carries cer- 
tain hazards to whiph all operators and repairmen 
are exposed. One of the most treacherous features of 
electricity, &nd particularly a high-voltage circuit, is 
that the electricity's presence cannot be detected by 
any of the human senses until it is too late. Electric- 
ity cannot be seen, heard, tasted, or smelled. Treat 
aU electronics and ielectrical devices with respect 
and caution. 

Equipment Adjustments 

Do not attempt to adjust any part of electronics 
equipment when there is a possibility of receiving 
injuries from unprotected hidfl-voltage components. 
In special cases where equipment must be adjusted 
in the presence of higto-voltage potentials, the work 
must be done only when authorized..^ 

Safety Observers 

In special cases, repairs to equipment carrying 
high voltage* are authorized. The repair work must 
' not be started until a qualified safety observer is pre- ^ 
sent to disconnect the power immediately in the 
event of ah accident. The observer s primary respon : 
sibilities are to: 

Enforce safety procedures. 

Know and be capable of using emergency first- 
aid treatment, including artificial respiration. 



Permit no one to approach the equipment without 
first giving positive' warning of the potential dangeh. 

Stand where all personnel who are working on 
the equipment can be plainly seen and where the 
main power switch can be easily reached in an emer- 
gency. 

Immediately disconnect the power source at the . 
first sign of an emergency or accident. 

Technical Orders 

You must comply with all the instructions in the 
appropriate equipment technical orders, manuals, 
handbooks, and/or other applicable directives. 

Personal Jewelry 

Do not wear any metal objects, such as rings, dog 
tags, medals, wrist watches, or metal rim glases, 
when working on high-voltage circuits and equip- 
ment. Repair personnel musb not use metal rules 
or uninsulated tools near circuits carrying high 
voltjages. , 

Making Adjustments 

Make adjustments to energize circuits only when 
a power-on-condition is essential, because standard 
practice is to work with the' power off. When work- 
ing on circuits that are "hot," use extreme caution. 
Operators and technicians must be familiar with the 
location of power switches and danger areas on the 
equipment before starting any repairs. 

Accidental Grounds 

Adjustments must not be made to any high-volt- 
age potential when it is possible to accidentaUy 
touch a grpund connection, equipment frame, or ex- 
posed circuit component. When working on ener- 
gized equipment, be particularly careful if your 
clothing is wet from perspiration or other mositiire. 

Workbenches 

Workbenches must be kept clean at all times. 
When voltage is applied to equipment being 
repaired and tested, other equipment and tools ^not 
essential to the test should be removed frpm 
the bench. 

Grounding 

Electrical circuits must be grounded at the exact 
point of intended repair or adjustment before you 
actually make contact with that particular area of 
the energized equipment. Use grounding clips or 
shorting sticks on potentially hot circuits, and do not 
remove them until repairs are completed. 
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Safety Devices 

Do not depend on equipment safety devices, 
such as interlock switches, disconnect relays, or 
automatic cirpuit grounders, as protection from elec- 
• trical shock. Since these devices are subject to fail; 
ure, always take necessary precautions when'woik- 
ing on hot equjment. Do not make safety interlocks 
inoperative or bypass them when making equipment 
repairs or adjustments. When any safety device is 
found to be defective, it must be tagged with an ap- 
propriate warning sign; for example, "Safety Inter- 
lock Disabled." 

Unplugging Components 

The various components of electronics and elec- 
trical equipment carrying high voltages must not be 
unplugged with the power on. 

Equipment Cleaning v 

Use only approved fire-resistant solvents for 
cleaning electronics and electrical equipment. Pro- 
vide adequate ventilation whenever solvents are 
used in equipment cleaning, and be careful not to 
breathe the solvent fumes or allow too much of the 
liquid to contact your skin. Protect your eyes from 
spatter when using cleaning solvents; do not rub 
your eyes when cleaning solvent is on your hands. 

c 

HANDTOOL SAFETY PRACTICES 



** Every day numerous accidents are caused by the 
use of hand equipment. Usually the accidents are 
not as severe as those that occur with power equip- 
ment: however, they are painful and cause a large 
number of lost man-hours. There are very few main- 
tenance personnel who have not at one time or an- 
other had a skinned hand or a mashed finger. If you 
happen to be around when a person knocks the skin 
off a knuclg or mashes a finger, that individual will 
probably blame the accident on some particular tool 
or the part upon which that person is working. You 
will seldom, if ever, 'get people to admit that they 
use tools incorrectly. Yet, this is invariably the rea- 
son for many accidents. Almost all maintenance per-* 
sonnel who have worked any length of time around 
'aircraft and engines have developed their own 
methods for doing different jobs. Although these 
methods may differ considerably, the final result will 
be the Same. Actually there are very few strict rules 
governing the use- of hand tools, but the following 
four precepts are important: 

( 1 ) Always use the tool in the proper way. 



(2) Do not substitute one tool for another. 

(3) Always keep your working area and your V 
tools clean. * }' 

*** . 

(4) Wipe tools off and put them back* in their 
particular places when you are finished with them. 

.» ,-"* * • 

Keep your tools clean and put them back where 
they belong. Let us see what could happen if you 
failed to keep your tools and \york area clean and or- 
derly. Suppose you are working under the wing* of a 
large aircraft where there is a small pool of oil on the 
floor; your tools are scattered over a considerable 
area. While working, you forget about the oil on the 
floor and walk through it several times. Npw you 
have oil on .your shoes, and they are slippery. The 
next time you reach for a tool your foot slips, and 
you fall. If you'jre lucky, you will have no more than 
a jarring faH, but since your tools are spread around, 
you are more likely to fall on one of them and injure 
yourself more ^severely. As another example, person- 
nel working around an engine quite often get their 
-hands grfcasy.' However, if they use, say, a wrench 
while their hands are greasy, they are asking for 
trouble, because when the wrench slips, the results 
are apt to be anvthing from skinned knuckles to bro- 
ken bones. Thus, when you finish with a tool, clrfan 
it and put it back where it belongs. 

All good mechanics and technicians have special 
places for their tools. When they want a certain tool, 
they can reach it without even looking. This system 
•not only increases the working efficiency of mecha- 
nics or technicians, but also serves as a safety factor 
for these people and those working with them. You 
have probably heard the old saying that you can aly 
ways judge people jy the way they Keep a house. 
The same saying also applies to maintenance person- 
nel. If you vtfere going to have your car worked on, 
would you take it to a garage where you ^ould see 
tools and parts lying around a dirty, greasy floor? 
Wouldn't you rather .take it to a garage where every- 
thing was N placed on shelves or racks and where thfe 
floor was kept Compartively clean? Put yourself in 
the pilot's shoes. If you came out to fly an aircraft 
and saw spare parts and tools lying all around thd 
area, would you be very eager to fly that aircraft? 

Tools are safe only when they are /maintained 
properly. Tools with cracked - handles or blades,or 
mushroomed heads, are the ones that cause trouble. 
Don't throw cutting tools into a box where the cut- 
ting edge will get dulled or where you wilL.cut your- 
self when searching foV them again. 4 




HAMMERS 

Keep the heads of your hammers in good condi- 
tion so that chips from the hammer head can t fly 
off in your face. The hammer head should be se- 
cured to the handle by a met;al wedge. If the wedge 
starts coining out, it should be driven back into the 
end of the handle; if the wedge is missing, a new one 
can be made from a flat piece of steel. Neglecting to 
inspect hammer heads may some day put a bump on 
someone's head. Use the right hammer for the right 
job. 

SCREWDRIVERS 

Look around and you'll see screwdrivers being 
used as a subsitute for hammers, ice picks, or chisels. 
When used this way, screwdrivers are rendered use- 
less when needed for their primary function. Screw- 
drivers used by electricians should have an insulated 
handle. One further point: avoid using 'a screwdriver 
with one hand and, holding the work in the other 
hand, lest you someday have the screwdriver stick- 
ing through your hand. * N 

PLIERS ' 

Grasp pliers at the handle end and not next to the 
hinge point. When clipping wire ends, hold the work 
so that the cut ends will be flipped toward the floor 
and not across the hangar or shop. Always keep your 
face well above the level of the work. 

WRENCHES 

There are many kinds and sizes of wrenches, 
each for a particular kind of work. Make sure that 
the wrench is the right one for the job and that it is 
in good condition. Use a wrench correctly. Always 
pull on a wrench. When you have to pull hard on the 
wrench, as in lossening a tight nut, make sure the 




wrench is seated squarely on the flats of the nutf. If 
the position "of therwork is such that the wrench can- 
not be pulled, open your hand and use the base of 
your palm to push the wrench. 

In closing, if an accident, no mater ,how small, 
does happen to you, report it at once. It is far better 
to be a live human figure than one more cold statisti- 
cal figure! 



SUMMARY 

Accidents are so costly, in both dollars and 
manpower, that we should contribute all we can to- 
ward safety. Join this all-put effort and work toward 
an accident-free career for yourself and for your 
buddies. $ 

Since horseplay apd practifcaTjokes account for a 
large percentge of accidents, they should not be tol- 
erated. Also, overconfidence and lack of attention to 
details can caus^mishaps. 

Accidents involving handtools and accidents 
caused byWttentiveness rank high on the list, and 
much can be done to reduce such accidents. Each 
tool is designed for a particular purpose and should 
be used for that purpose alone. If you don't know 
how to use a particular tool or piece of equipment, 
don't be ashamed to ask questions about it. In this 
way you protect ySurself, the equipment, and the 
other persqjinel who trust their lives to your work. 
While at work, keep your mind and eyes on what 
you are doing. Finally, observe all the safety precau- 
tions that have been laid down for your protection. 
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SELF-QUIZ # 1 * 

PLEASE NOTE: Many students study ONLY the self-quizzes and pamphlet review qui*, thinking that this 
will be enough to pjiss the End-of-Course Test. THIS IS NOT TRUE. The End-of-Course Test is based on the 
stated objectives. To pass the EOCT, you must study all the course material. 



v 1. Smoking is prohibited within a MAXIMUM 
of feet from all hatogars and aircraft. 

2. What determines the number of people 
authorized to ride on a mule? 

3. When you tow an aircraft in a ^congested 
area, what is 'the MINIMUM number of people 
required? 1 

4. Why should you properly ground electrical 
equipment being used around aircraft? 

5. Before you return a maintenance stand to the 
proper area, the stand must be clean and ^ — _^ 

6. If you do not have proper ear protection, the 
MAXIMUM safe noise level is _ decibels. 

7. Which human tissue is MOST sensitive to 
radar? y 

f] 8. Before moving the cockpit controls for an 
aircraft's control surfaces, you should ensure that 



9. What is the BEST way to eliminate the 
dangar of refueling an aircraft in an operating radar 
danger area? 

10. A yellow safety color code indicates _ 



11. The red stripe on the fuselage or'nacelles of 
jet aircraft indicates ■ 

12. If ground servicing equipment is NOT 

needed during aircraft fueling operations, you 

should m6ve the equipment AT LEAST . 

feet from the aircraft. « $ 
* •* 

13. Frequent skin contact with aircraft fuel can 
cause' !_, ^ 

14. Before towing an aircraft with faulty brakes, 
you must ensure that , 

15. Before you tow an aircraft, entrance doors 
should be > 

16. What is the MAJOR cause of injuries and 
equipment damage in shops? 

< 

17. /Before attempting to clear jammed machin- 
ery, von should _: , 

18. At the first sign of an emergency during 
repairs to energized high-voltage equipment, the 
safety observer must immediately Ij, , • - 

19. When used to clean electrical or electronic 
equipment, solvent must be an approved 

type. 

1 20. If the position of the work prevents you from 
pulling a wrench, how should you move the wrench? 
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ANSWERS TO SELF QUIZ 4 1 

n * 

Following are the correct answer? and references to the text pages wjiich cover each question and correct 
answer. Tc be sure you understand the answers to those questions you missed, you should restudy the refer- 
enced .portions of the text v A - 

QUESTION AN$WER REF. 

1 100 feet 1-2 

2 number of seats available / 1-3 

f 3 four ' . 1-3 : 

4 Grounding may seem unimportant, but 

static electricity can cause sparks and 

* fires Which can destroy equipment. 1-4 

. 5 free from structural defects 1-4 

6 o 85 decibels 1-6 

7 eye tissue 1-6 
; 8 all personnel are clear 1-? 

9 Consult the base 

communication officer. 1-8 , 

10 caution 1-8 

11 a danger area marking the plane 

of turbine wheel rotation 1-9 

12 50 feet , 1-11 . 

13 dermatitis " ■ 1-11 

14 personnel are standing by 

with chocks 1-12 & 1-13 

15 closed 1-13 
* 16 poor judgment 1-14 

'17 remove the power source 1-15 - 

18 disconnect the power source 1-15 * a 

1 19 fire-resistant 1-16 

20 Open your hand and use the base 

of your palm to push the wrench. 1-17 



MODIFICATIONS 

The remaining pages of this publication has been deleted in adapting this material 
for inclusion in the "Trial Implementation of a Model System to Provide Military 
Curriculum Materials for Use in Vocational and Technical Education." Deleted 
material involves extensive use of military forms, procedures, systems, etc. and 
was not considered" appropriate for use in vocational and technical education. 
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- NOTICE TO STUDENT 

The primary purpose of. this seli-paced, nonresident training pamphlet is to present a 
general overview of the various types of common aviation hardware. The training is designed 
for aviation second class petty officers. ' - . 

This pamphlet provides basic and general information on'the types, uses, and installation 
and removal practices involved with the common types of hardware. The pamphlet content is 
based on the Coast Guard Enlisted Qualifications Manual (CG-31 1)., 

IMPOR TANT NOTE ; This text has been compiled for TRAINING ONlY. I^should NOT be used • 
n place of official directives or publications. The text information is ^ rrent K a ,^ 
references listed. You should, however, remember that it is. YOUR ."F^ 1 * * U £ 
-with the latest professional information available for your rating. Current information is 
available in the Coast Guard Enlisted Qualifications Manual (CG-31 1).. 

This pamphlet is divided into two sectionsr 

(1) Bolts, Nuts, and Washers 

(2) Miscellaneous Hardware, Saf etying, and Turnlock Fasteners 

Each section has three parts: , 
(1> Reading assignment and objectives. ^~ - 

(3) S^z^^^V references/ The answers are located on the pages 
immediately following the quizzes. * 

In addition to the self -quiz after each assignment, a pamphlet review quiz is provided at the end 
of the pamphlet. • „ 

Study the objectives for each section a* they will aid you in determining the important joints In 
each section. The self-quizzes tgst your mastery of the objectives. When you complete all the 
aiignmenS " tor the course and master each objective, you should have a thorough understanding 
of the material and should be ready to pass your End-of-Course Test. . . 

REMEMBER- You must receive a score of 80% or better to pass the End-of-Course Test, You 
"should use your spare time to REVIEW the material before you take the EOCT. - 
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SWE STUDY SUGGESTION: Servicewide exam questions for your rating and pay grade are based 
on the Professional and Military Requirements sections of the Enlisted Qualifications Manual 
(CG-3ll).%»If you use the inferences from this text and consult the Enlisted Qualtfication* 
Manual, you should have good information for review when you prepare for your servicewide 
(exam. However, this course covers prdy a few of the qualifications tested on the SWE;. 

This course is only one parr of the total Coast Guard training program and can take you only 
part of the way to your training goal. Practical experience, schools, selected reading, and the. 
desire for accomplishment are also necessary to round out a successful training program. 1 
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URSE 



You can remember ^nore of what you read if you 
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"Look over" the reading assignment first. Read the objectives "^nd 
section headings, and look at the^pictures. This gives you an idea of ' 
what to expect in the reading assignment and helps you understand' 
the objectives. ' 



? Question the reading material. Ask yourself questions about a 
heading or a picture to help you remember what you read. 



Note points to review later. Don't Just" run your eyes over a, page. 
Underline important facts and make notes in the margin. 



Close your pamphlet and repeat important points out loud. Discuss 
the reading assignment with someone if possible. This helps you 
recall information for a quiz or end -Qf -course test. 



Review your underlined material, notes, quizzes, and objectives. 
This also helps you remember what you read. 



If you just read and do NOT 
underline, question, or review, 
this is how much you are likely 
to remember. * 




This is how much 
you will probably 
FORGET! 



vii 



FA* AAC404U3 



35" 





9 . ; ' * . • 

- \ 
4 i 

BOLTS, NUTS and WASHERS 


Reading Assignment: 
Pages 1-1 through 1-13 




OBJECTIVES 


After finishing 'this assignment, you should be able to: 


1. 


Explain how to determine proper bolt dimensions. 


< 


Describe the different types of boltheads. 


3. 


State how" bolt material is identified. 


. H. 


Explain what information a bolt part number provides. - 


5. 


Explain how nut material is identified. 


6. 


Name the two groups of nuts. 


7. 

i 


List the three classes and different use v § of washers. 


8. 


.State the formula for calculating torque when using a torque wrench 



Aircraft hardware is a term used in refer- 
ence to a gre>t many items used in- aircraft 
conduction. Included are such things as 
electrical and powerplant hardware, rivets, turn- 
lock fasteners, bolts, screws, nuts, washers, wire 
and cables, and' related hardware. 

Because of the small size of most hardware 
Items, their importance is often overlooked; how- 
ever, the safe and efficient operation of any 
aircraft is greatly dependent upon correct selec- 
tion and use of aircraft hardware. This pamphlet 
discusses some of the common items, and provides 
information which will aid in thft selection and 
correct use of aircraft hardware. 

BOLTS 

Many types of *boits are used on aircraft, 
and each type is used to fasten something in 
place. However, before we discuss some of these 



types, it might be helpful a*t this point to list and 
explain some commonly' used bolt terms. You 
should know the names of bolt parjts. You shpuld 
also be aware of the bolt dimensions that must be 
considered in selecting * a bolt, Figure l-l 
illustrates both types of information. 

The' three principal parts of a b£lt are the 
HEAD, THREAD, and GRIP. Two of these parts 
may be well, known, but perhaps the "grip" is an 
unfamiliar term; -If so, notice that the grip is the 
unthreaded part of the bolt shaft and that this 
part extends from the threads to the boithead. 
The head is tKe larger diameter of the bolt and 
may be one of many shapes or designs. The head 
retains the bolt in place in ope direction, and the 
nut used on the threads retains the bolt in the 
other direction. 

To choose the correct replacement for an 
unserviceable bolt, you must consider several 



l-l 
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BOLT GRIP LENGTH CORRECT 



Figure l-l. - Bolts terms and dimensions. 

bolt dimensions. One dimension is the length of 
the bolt. As shown in figure l-l, the bojt length is 
the distance from the tip of the threaded end to 
the head of the bolt. The bolt length is correct 
when the chosen bolt extends through the nut at 
least two complete threads (figure 1-i). If the 
bolt is too shor c t, it may not extend out of the 
vbolthole far enough for the nut to be securely' 
fastened. It the bolt is too long, it may extend so 
far that it interferes with the movement of 
nearby aircraft parts. Unnecessarily long bolts, 
especially in numbers, can affect weight and 
balance and reduce the aircraft payload capacity. 



In addition,^ if a bolt is too long or too short, 
its grip will usually be .the wrong length. As shown 
in figure l-2,~gr1priength should be approximately 
the same as the thickness of the material to be 
fastened. If the grip is $00 short, the threads of 
the bolt will extend into the bolthole and may act 
like a reamer when the material is. vibrating. To 
prevent this condition, make certain that no more 
than two threads extend irjto the bolthole. Also 
make certain that any threads that enter the 
bolthole extend only into the thicker member that 
is being fastened. If the grip is too long, the nut 
will run out of threads before it can be tightened. 
In this event a bolt with a shorter grip should be 
used. If the bolt grip extends only a short distance 
through the hole, a washer may be used. 

A second bolt dimension that must be 
considered is diameter. As shown in figure 1-1, 





it- 









BOLT GRIP LENGTH TOO SHORT 



una! 




i 




^1 









BOLT GRIP LENGTH TOO LONG 



Figure 1-2. - Correct and incorrect grip lengths. 

the diameter of the bolt is the thickness of its 
shaft. If this thickness is 1/4 inch or more, the 
'bolt diameter is usually given in such fractions of 
an inch as 1/4, 5/16, 7/16, 1/2, and the like. 
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However, if the bolt is less than 1/4 inch thick, 
the diameter is usually expressed as a whole 
number* For instance, a bolt that is 0.190 inch 
in diameter is called a No. 10 bolt; a bolt 
that is 0.164 inch in diameter is called a NoJ 8. 

The results of using a wrong-diameter bolt 
should be obvious. If the bolt is too big.it 
cannot, of course, enter the bolthole. If the 
diameter is too small; the bolt has too much 
play in the bolthole, and the chancfs are that the 
bolt is not as strong as the correct size of bolt 

The third, and fourth 'bolt dimensions that 
should be considered are head thickness and width. 
If the head is too thin; or too narrow, it may not 
be strong enough to bear the load imposed on it. 
If the head is too thick or too wide, it may extend 
so far that it interferes with the movement of 
adjacent aircraft parts. 



the two types — coarse or fine, and the two are 
not interchangeable. Fob any given size of bolt, 
there are a different number of coarse and fine 
threads per inch/ FoV ! instance, consider the 
1/4-inch bolts. Some are called 1/4-28 bolts, 
because they have 28 fine threads per inch. 
Others have only 20 coarse threads* per inch and 
are called 1/4-20 bolts. To force one size of 
threads into another size, even though both are 
inch, will strip the finer threads er softer 
metal. The same thing is true concerning the 
other sizes of bolts; therefore, make certain that 
bolts selected have the correct type of threads. 

BOLT MATERIAL 

The type of metal usjed in an aircraft bolt 
helps to determine its strength and its resistance 



BOLTHEADS , 

The most common type of head is the hex 
head, shown in figure 1-1. This type of head may 
$e thick for greater strength or relatively thin to 
fit in places having limited clearances; In 
addition, the head may be common or drilled. A 
hex head bolt may have a single hole drilled 
through it between two of the sides of the hex- 
agon and still be classed as a common head. The 
drilled head hex-bolt. has three holes drilled in the 
head, connecting opposite sides of the hex. 



Four additional types of boltheads are shown 
in figure 1-3. Notice that panel A in that illus- 
tration shows an eyebolt, often use<t in flight 
control systems. Pa'nel B shows a countersunk 
head, close tolerance bolt. Panel C shows an 
internal wrenching bolt. Both the countersunk 
head bolt and the internal wrenching bolt have 
hexagonal recesses (sixrsided holes) in their heads. 
The bo^ts are tightened and loosened by using 
appropriate size Allen wrenches. Panel D shows a 
clevis bolt with its characteristic round head. This 
head may be slotted, as shown, to receive a 
common screwdriver or \ recessed to receive a 
Reed and Prince or a Phillips screwdriver. 



BOLT THREADS 

Another structural feature in which bolts may 
differ is threads. Threads usually come in one of 

4 



(A) 



(DO 




£YE BOLT 




K 



(C) 



(0) 



CLOSE TOLERANCE BOLT 





INTERNAL WRENCHING BOLT 




CLEVIS BOLT 



Figure 1-3. - Boltheads. 
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to corrosion. Therefore, make certain that 
material is considered in the selection of replace* 
ment bolts. Bolts <have distinctive head markings 
that help to identify the material from which the 
bolts are manufactured. In certain cases, aircraft 
manufacturers are compelled to make bolts of 
different dimensions or greater strength than the 
standard types. Such bolts are made for a particu- 
lar application, and it is extremely important that 
like bolts are used in replacement. Such special 
bolts are usually identified by the letter S 
Stamped on the head. Figure* 1-4 shows the tops 
of several hex-bolt heads, each marked to indi- 
cate the type of bolt material. 



aih force 

NAVY BOLT 



MOLT 
MATERIAL 




SAFETY! NG 
PROVISIONS 



SERIES 
NUMIER 
(CLASS ANO 
DIAMETER) 



OASH NUMBER 
(■OLT GRIP 
ANO LENGTH) 



BOLT IDENTIFICATION 



Figure 1-5. - AN bolt part number breakdown: 



Unless current directives specify otherwise, 
every unserviceable bolt should be replaced with 
a bolt of the same type. Of course, substitute 
and interchangeable items are sometimes avail- 
able, but the ideal, A* is * bolt-for-bolt re- 
placement The part number of a needed bolt < 
may be obtained by referring to the Illustrated 
Parts Breakdown (DPB) for the aircraft con- 
cerned. Exactly what this part number means- 
depends upon whether the bolt is AN (Air Force- 
Navy), NAS (National Aircraft Standard), or 
MS (Military Standard ). 

AN Part Number. 



' Figure 1-5 shows a breakdown of a typical 
AN bolt part number. The number starts with the 
letters AN discussed earlier. Next, notice that a 
series number follows the letters AN. This number 
Consists of one or more digits representing the 
class of bolt and the bolt diameter in sixteenths 
of an inch. General-purpose hex-head bolts in- 
clude all part numbers beginning with AN3, AN4, 
and so on through AP320. Other series numbers and 
the classes of bolts that the numbers represent 
are as follows: • 

AN21 through AN36 - clevis bolts. 
AN42 through -AN49 — eyebolts. 



There are several classes of AN bolts, and 
in some instances the t»lt part numbers reveal 
slightly different types of information. However, 
most AN numbers contain the same typ6 of 
information. 



In figure 1-5 the last digit 6f the series 
number is 4, so this bolt is 4/16 Inch (i/4 inch) in 
diameter. In the case of a series number ending 
in 0, for instance AN30, the 0 stands for 10, and 
the bolt has a diameter of 10/16 inch (5/8 inch). 



HEAD MARKINGS 




STEEL 

CLOSE 
TOLERANCE 
(125,000 TO 
145, 000 A.S.I) 



ALUMINUM 
ALLOY 
(62,000 
PS.I.) 



CORROSION 
RESISTANT 

STEEL 
(125 t 000 
PAD 



STEEL 
[125,000 
RS.I.) . 



STEEL 
(160,000 T6 
180,000 
PS.I. ) 



Figure 1-4. - Bolthead markings. 
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Refer again to Figure ; 1-5 and notice that a 
dash follows the series number. When "used in the 
part numbers for general-purpose AN bolts, clevis 
bolts, and eyebolts, this 'dash indicates feature 
bolt is made of carbon steel. With these types of 
bolts, the letter C, used in place of the dash, 
means corrosion-resistant steel; the letter D 
means 20 17 aluminum alloy; and the letters DD 
stand for 202^ aluminum alloy. For some bolts of 
this type, a letter H i$ used with these letter v>"\ 
with the dash. If used, the H shows that the bolt 
has been drilled for safetying. 



MS Part Number 

Military Standard (MS) is another series of. 
bolts used in aircraft construction. In the part 
number shown in figure 1-/, the MS indicates that 
the bolt is a Military Standard bolt. The series 
number (20004) indicates the bolt class and dia- 
meter in sixteenths of an inch (internal 
wrenching, 1/4-inch diameter). The letter H be- 
fore the dash number indicates that the bolt has a 
drilled head for safetying. The dash number (9) 
indicates the bolt grip in sixteenths of an inch. 



Next, notice the number 20 that follows the 
dash. This is called the dfush number, and it - 
represents the bolt's grip (as taken from special 
tables h In this instance the number 20 stands 
for a bolt that is 2 1/32 inches long. 

The last character in the AN number illus- 
trated in figure 1-5 is the letter A. This letter 
signifies ttot the bolt is not drilled for cotter piri 
safetying. 5 no letter were used after the daslr 
number, the bolt shank would be drilled for safe- 
tying. ^ 

NAS Part Number 

Another series of bolts used in aircraft 
construction is the National Aircraft Standard 
(NAS). (See figure 1-6.) In considering one of the. 
NAS bolts, NAS1W (special internal wrenching 
type), notice that the bolt identification code 
starts with the letters NAS, which show, of 
course, that the code represents a National Air- 
craft Standard piece of hardware. Next, notice 



-flash nusbur (bt,U-.*rip in 
sixteenths) . ^ 

- Diamotcr -in sixteenth*.. 

- Series rum'jer. 

-XatiOtitl Aircraft Standard 
bolt. 



Figure 1-6. - NAS bolt part number breakdown. 

that the series has a three-digit number, 144. The 
firsj two digits (14) show the class of the bolt. 
The next number (4) indicates the bolt diameter in 
sixteenths, of an inch. The daslvnumber (25) indi- 
cates bolt, grip in sixteenths of an inch. 



MS 20004 ' H 9 

i — r~ t J > . 

\ Dash nurrfeer (bolt grip in 

I — sixteenths). 

— - Safetying provisions . 

Series number (class and diameter 
I — ; in sixteenths). 

Military Standard bolt. 

Figure 1-7. - MS bolt part number breakdown. 



NUTS 

Aircraft nuts differ in design and material 
just as bolts do, because nuts are designed to do a 
specific job with the bolts. For instance, some of 
the nuts are rtiade of cadmium-prated carbon 
steel, stainless steel, brass,* or aluminum alloy. 
The type of metal used is sometimes identified by 
markings on the nuts themselves; on others, the 
type of material must be recognized from the 
metallic luster of the metal. The anodized coating 
on aluminum nuts can be dyed in a number of 
colors, and these . nuts are usually exceptionally 
light in weight. Cadmium plated steel nuts have a 
whitish coier^ and bright luster when new. Corro- 
sion resistant or stainless steel nuts may be 
coated with silver flashing which.,gives them a 
yellowish color and dull luster. In tlie case of the 
silver coated 1200 degree fahrenheit nut, it can 
only be identified by the number 12 stamped on 
one hex. 

Nuts also differ greatly in size and shape. In 
spite of these many and varied differences, all 
nuts fall ynder one 6l two general groups - self- 
locking or nonself-locking. Nuts are also 
available in many various styles such as plain 
nuts, castle nuts, checknuts, plate nuts, channel 
huts, barrel nuts, internal wrenching nuts, ex- 
ternal wrenching nuts, shear nuts,, sheet spring 
nuts, and" wingnuts. These styles are discussed in 
subsequent paragraphs and sections. 
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NONSELF-LOCKING NUTS 

Nonself-locking nuts require the use of a 
separate locking device for security of installa- 
tion. Several types of these locking devices are 
mentioned in the following, paragraphs in connec- 
tion with the nuts on which the devices are used4 
Since no single locking device can be used with all 
types of nonself-locking nuts, you must select one 
suitable lor the type of nut being used. Figure 1-8 
illustrates four common styles of nonself-locking 
nuts. 





CASTLE NUT 



PLAIN NUT 




CASTELLATED 
SHEAR NUT W,NG N J" 

Figure 1-8. - Nonself-locking nuts. 
SELF-LOCKING NUTS 

Self-locking nuts provide tight connections 
which wiii not loosen under vibration. Self-locking 
nuts approved for use on aircraft/ meet critical 
specifications for strength, corrosion resistance, 
and temperatures. The two major types of self- 
locking nuts are the prevailing torque and the 
free-spinning types. The free-spinning type turns 
freely until seated where further tightening 
results in a locking action. The more widely used 
prevailing torque type requires wrenching 
throughout the entire cycle 'after the bolt or 
screw^hals engaged the frictional part pf the nut. 

You should remember, unless otherwise di- 
rected by applicable publications, that new self- 
locking nuts must be used each time components 
are installed in critical areas throughout the air- 
craft, including all flight, engine, and fuel 
control linkage and attachments. 



Prevailing Torque ,Nuts ■ 

* , i 

Prevailing torque nuts have either a non- 
metallic or all metal locking element. The non- 
metallic nuts have a nylon insfert . of smaller 
diameter than * the bolt major diameter, which- 
exerts a compressive locking, force ' against the 
bolt. If these nuts are reused, they shall be 
checked to see if the locking insert has lost its 
locking friction or become brittle. All metal self- 
locking nuts have either a squeezed-in portion of 
the nut metal, or deformed or interrupted metal 
threads which provide a frictional force that locks 
the nut threads against the bolt threads. The 
Boots and the Flexloc are examples of the all- 
metal type; the Elastic Stop i$ an example Qf the 
non-metallic insert type. Figure 1-9 shows several 
types of self -locking nuts. ' 

STYLES OF NONSELF-LOCKING AND PRE- 
VAILING TORQUE SELF-LOCKING NUTS 

Plain Nut - 

This nut is of rugged construction. This 
makes the nut suitable fo£ carrying large ten- 
sional loads. Plain hex nuts are available as self- 
locking or non-self-locking nuts; however, since 
the plain hex non-self-locking nuts require ah 
auxiliary safety ing device, such as a checknut or 
lockwasher, the nut's use on aircraft structures is 
somewhat limited. 

Castle Nut 

The castle nut is used in conjunction with 
drilled-shank bolts, hex-head bolts, clevis bolts, 
eyebolts, and drilled head studs. The nut is fairly 
rugged and can withstand large tensional loads. 
Slots (called castellations) in the nut are designed 
to accomodate a cotter pin or lock wire for 
safetying purposes. 

Castellated Shear Nut 

The castellated shear nut is designed for use 
with devices such as drilled clevis bolts and 
threaded taper pins which are normally subjected 
to shearing stress only: Like the the castfe nut, 
the castellated shear nut is castellated for safe- 
tying, but ' is not as deep nor as strong as the 
castle nut. 



Checknut , . 

The checknut is used as a locking device for 
plain nuts, setscrews, threaded rod ends, and 
other devices. 




BOOTS AIRCRAFT NUT FLgXLOC NUT 
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NON-METALLIC 
INSERT 
LOCK NUT 




ELASTIC 
STOP NUT 



ELASTIC TWO-LUG 
ANCHOR NUT 




BOOTS AIRCRAFT CHANNEL ASSEMBLY 





ELASTIC STOP NUT CHANNEL ASSEMBLY 



Figure 1-9. * Self -locking nuts. 
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Plate Nut m 

This nut is usejJ for blind mounting in in- 
accessible locations and {or easier maintenance. 
The nut is available in a wide range of sizes and 
shapes. One lug, two lug, and right-angle .shapes 
are available to accomodate the physical require- 
ments of the ^dividual nut location. Floating 
type nuts provide a controlled amount of nut 
moyfement to compensate for sub-assembly mis- 
alignment. They can be either self-locking or 
plain. 

Channel Nuts 

.These nuts are used in applications requiring 
anchored ^nuts equally spaced around openings 
such as access and inspection doors and removable 
leading edges. Straight or curved channel nut 
strips offer a wide range of nut spacings and 
provide a multiple nut unit that has all the 
advantages of float-type nuts. They are usually 
self -locking. * ^ 

Barrel Nut ' 1 

\ 

This nut is installed in a regular, drilled 
hole. The round portion the nut ^ fits in the 
drilled hole providing a self-wrenching effect. The 
nut is usually self-locking. 

Internal Wrenching Nut 

This nut is generally used where a nut with a 
high tensile strength Is required or where space is 
limited and the use of\ external wrenching nuts 
would not facilitate the use of conventional 
wrenches for installation .and removal. That is 
where a bearing surface is counterbored. This nut 
has a non-metallic insert which provides a locking 
action. 

Point Wrenching Nut 

This nut is usually self -locking and is 
generally used where a nut with a high tensile 
strength is required. This inut is installed 7 with a 
smaller socket wrench than would normally be 
used for a hexagon nut. 



0 * . 

Sheet Spring Nut (Figure 1-10) 

c , 

* This nut is used with standard and sheet 
metal se(jf-tapping screws to support line clamps, 
conduit clamps,^ electrical equipment, »acces$. 
doors, etc. The most common types are the flat, 
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THREAD LOCK 
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/ ARCHED | 
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STARTING POSITION 


DOUBLE-LOCKED 
POSITION 



Figure 1-10. - Sheet spring nut. 



the two-lug anchor, and the one-lug anchor type. 
The nut has an arched spring lock which prevents 
the screw from working loose. It should be used 
only where originally used in the fabrication of 
the aircraft.- f 

Klincher Locknut 

This locknut is used to ensure a permanent 
and vibration-proof, bolted connection that holds 
solidly and resists thread wear. It will withstand 
extremely high or low temperatures and exposure 
to lubricants, weather, and compounds without 
impairing the effectiveness of the locking ele- 
ment. The nut is installed with the end that looks 
like a double washer toward the metal being 
fastened. The end that looks like a double hexagon 
nut' is positioned away from the metal being 
fastened. 



Wingnut 

Wingnuts are intended for places where the 
desired tightness can be obtained by use of the 
fingers and where the assembly is frequently 
removed, such as battery terminal connections. 
Usually one of the wings has atiole,Jor safetying 
the nut with wire. 
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FREE-SPINNING 
ON-OFF TYPE 



FREE-SPINNING ON 
RESIDUAL TORQUE 
OFF TYPE, 



STRESSED NUTS 



Figure I-tl. - Free-Spinning Nuts. 



Free-Spinning Nuts (Figure 1-11) 

The free-spinning nuts are available in three 
types: free-spinning on-off, free-spinning on 
residual torque off, and stressed nut. These nuts 
spin freely on and off as long as the nut is not in 
contact with the bearing surface. The locking 
action is provided by an internal core in the nut 
except for the strewed nut which use% a ground 
washer for its locking action. 

Free-spinning nuts are designed for exhaust 
flange . attachments and shall be used only as 
specified in the applicable technical orders of the 
equipment affected. These nuts are not con- 
sidered suitable for general aircraft use. Any 
free-spinning nut which requires less than 10. inch- 
pounds of torque to break away when in the 
locked position shall be disposed of. 

WASHERS ^ 

Washers used in aircraft structures may be 
grouped into, three general classes - PLAIN 



washers, LOCKWASHERS, andhSRECIAL washers. 
Figure 1-12 shows some, of the most commonly 
used types. 

Plain washers are widely used under nuts to 
provide a smooth bearing surface, to act as a shim 
in .obtaining the correct relationship between the 
threads of the bolt and the nut, and to adjust the 
position of castellated nuts with respect to drilled 
cotter pin holes in bolts. Plain washers are also 
used under lockwashers to prevent damage to 
surfaces of soft materials. 

Lockwashers are used with plain nuts when 
self-locking or castellated type njjts are not ap- 
plicable. Sufficient friction is provided by the 
spring action of the washer to prevent loosening 
of the nut from vibration. Lockwashers are not to 
be used on primary structures, secondary struc- 
tures, or accessories where failure might result in 
damage or danger to aircraft or personnel.. 

Special washers, such as ball-socket and 
seat, taper pin, and tfashers for internal- 
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wrenching nuts and bolts, are designed for special j 
applications.^ 

^all-socket and seat washers^are used where 
the bolt is installed at an angle to the surface, or 
where perfect alignment with the surface is re- 
quired. These washers are used together. 




LOCK WASHERS 




^ <^ 

•All iOCKlT 



I AM I PiH 



SFECIAI WASHERS ' 

Figure 1-12. - Various types of ^washers. 

Taper pin washers are used in Conjunction 
with threaded taper pins and are installed under 
the nut to effect adjustment where a plain washer 
would distort. 

- j ■• 

Washers for internal-wrenching nuts and 
bolts are used in conjunction with NAS internal- 
wrenching bolts. The washer used under the head 
is countersunk to seat the bolthead/shank radius. A 
plain washer is used under the nut. 

* INSTALLATION OF NUTS, 

BOLTS, AND WASHERS 

* Be certain that each bolt is the correct 
material. Examine the marking on the head to 
determine whether a bolt is steel or aluminum 
alloy. ' * 

It is extremely important to use like bolts in 
replacement. In every case, refer to the appli- 
cable Maintenance Instructions m Manual and 
Illustrated Parts Breakdown.- 



There are certain precautions which must be 
observed with all self-locking nuts. Bolts, studs, 
and screws with damaged threads and rough ends 
must npt be used. Bolts, studs, and screws of 1/^ 

inch.or less with cotter pin holes must not be used 
/with self-locking nuts. Bolts, studs', and screws 

over 1/^ inch in diameter may be used with self- 
locking nuts, provided the cotter pin holes are x 
free from burrs. * 
# 

Nonmetallic-insert, self-locking nuts shall 
never be tapped nor subjected to temperatures in 
excess of 250 degrees fahrenheit. Cadmium plated 
nuts are limited to t*5Q degrees fahrenheit and 
corrosion resistant or stainless steel nuts are 
limited to 800 degrees fahrenheit. / 

** 

Used self-locking nuts are generally suitable 
for reuse in noncritical applications if the threads 
have not been damaged and are in a serviceable 
condition and if the locking material is not 
damaged or permanently distorted. 

NOTE: If any doqbt, exists about Xfie condi- 
tion of the nut, replace it with a new one. 

B$ suce that washers are used under both 
the heads of" bolts and nuts unless the omission of 
washers is specified. A washer guards against 
mechanical damage to the material being bolted 
and prevents corrosion of the components. An 
aluminum alloy washer should be used under the 
head and nut of a steel bolt securing aluminum 
alloy or magnesium parts. Use steel washers when - 
joining steel parts with steel bolts. 

Whenever possible th£ bolt should be placed 
with the head on top or in the forward position. 
This position tends to prevent the bolt from 
slipping out if the nut is accidentally lost. 



In all installations, bolts or screws will pro- 
trude no lesS than two complete threads past the 
nut. This applies to both self-locking and plain 
nuts, and includes any chamfer at the bolt end. 
The nut should be properly tightened against the 
bearing surface. Fatigue failures account for over. 
75 percent of all fastener problems. Fatigue 
breaks, are. caused by .insufficient "tightening and 
lack of / proper preload or clampjng force. This 
results in moverrient between the parts of the 
assembly in use, and eventual failure. To avoid 
insufficient tightening and overstressing of bolts, 
the nuts should be properly torqued. 
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-E c »f INCHES 




Typical-torque wrench with extension 
attached in line 



EFFECTIVE LENGTH OF ASSEMBLY (L € + E» h- 

i-r 



Typical torque wrench with extension 
attached at an angle 



Figure 1-13. - Torque wrench With extension. 
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1-11 



ERIC 



53 



APPLICATION OF TORQUE 



Standard torque charts have been estab- 
lished for average dry unplatecT~conditions, but 
surface variations such as thread roughness, scale, 
paint, lubrication (oil, grease, etc.), hardening^and 
plating may alter these values considerably* Also 
nuts that are reused will require higher torque 
readings. Torque values will also vary with manu- 
facturers. 



/ 

To obtain the correct recommended torque 
value on self-lqcking nuts, the nut must be run 
down until it is pne turn from the beginning of 
seating. A\this point, the prevailing torque should 
be nbted. If "tfie prevailing torque is less than one- 
thit-d of the recommended torque, it should be 
disregarded and tjie nut tightened to the recom- 
mended torque value. If the prevailing torque is 
one-third or more than one-third of the recom- 
mended torque, it should be added to the 
recommended torque. Example: the recom- 
mended torque is 50 to 70 inch-pounds. The 
prevailing torque at one turn from the beginning 
of seating is 30 inch-pounds. The cojxect torque 
wrench reading would be 80 to 100 inch-pounds. 

When adapters or extensions are used on 
torque wrenches, . the difference in mechanical 
value must be considered in determining the dial 
setting to provide the specified torque at the nut 
being tightened. The following formula is used to 
determine' dial reading or torque setting to 
achieve the desired torque: (See Figure U13.) 



S equals Handle Setting 

T equals Torque Applied at End of Adap- 
ter 

L a equals Length of Handle in Inches 
E equals Length of Extension in Inches 



For example, if it is desired to exert 100 inch- 
pounds at the end of the wrench ancf* extension, 
when L equals 12 inches and E^ equals 6 inches, 
it is possible to determine the nandle setting by 
making the following calculation: 



S = 

S = 
S * 



TXL 

100 X 12 
(12*6) 
1200 



18 

66/6 inch-pounds 



Whenever possible, attach the extension in line 
with the torque wrench. When necessary to attach 
the extension at an angle to the torque wrench as 
shown in Figure 1-13, the effective .length of the 
assembly will be L + E b as shown. In this 
instance, length E. is shawn. In this instance, 
length E h must be substituted for length E in the 
formula. a " 



NOTE 

An extension shall not be used on the grip 
end of a torque handle. 

torque tools shall not be dsed to break loose 
previously- tightened bolts. 

A torque tool shall not be used to apply a 
greater amount of torque than the rated 
capacity of the tool. 

Do not attempt to change' setting when 
handle is in a locked position. 

Do not attempt to use an extension on the 
end of a torque wrench at an angle less than 
90 degrees. . 

SAFETYirslfc OF NUTS 

It is very^ important that all nuts, except the 
self-locking type, be safetied after ins&llation. 
Safe tying prevents nuts frtfm loosening in flight 
due to^ vibration. Figure 1-14 illustrates the 
proper way .to secure a nut using a cotter pin.^ 




OPTIONAL 



PREFERRED 



Figure 1-14. - Cotter pin installation. 



SELF-QUIZ 1t\ 

PLEASE NOTE: Many students study ONLY the self-quizzes and pamphlet review quiz, thinking 
that this will be enough to pass the End-of-Course Test. THIS IS NOT TRUE. The End-oi-Course 
Test is based on the stated course objectives. To pass the EOCT, you must study all the course 
material. 

1. The unthreaded portion of a bolt shaft is the \ • 



2. A bolt should extend through the nut a MINIMUM of threads. 

3. If a bolt is ie,ss than 1/4 inch thick, the diameter of the bolt is expressed as a 

°- n | number. 

fy. A bolt designed tor use with a screwdriver is a bolt. 

5. A single-dash boltheatf marking indicates that the bolt is made of ■ ■ . 



6. In the part number lor an AN bolt, the letter C follo^ng the series number means 



7. Which nut is castellated for safetying, but is not as deep as a castle nut? 

. r • i ----- - . * 

8. Elastic stop nuts must NOT be used in areas ' subjected to temperatures above 

9. Washers used with internal wrenching bolts are washers. 

o 

10. When in doubt about a replacement bolt for an aircraft, you should refer to the applicable 
Maintenance Instructions Manual or ; . J 

11. When installing a seH-iotking nut on a bolt, at what point should you note the prevailing 
torque? 



(See page 1-14 for ANSWERS to Self Quiz questions) 
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ANSWERS TO SELF-QUIZ f 1 , 

* 

Following are the correct answers and references to the text pages which cover each question 
and correct answer. To be sure you. understand the answers to those questions you missed, you 
should restudy the referenced portions of the text. 



1. • 


grip (Page 1-1) 


2. 


two (Page i-2) 


3. 


whole (Page 1-3) 


4./ 


clevis (Page 1-3) 


5.^ 


corrosion-resistant steel (Page 1-4) 


6. 


corrosion-resistant steel (Page 1-5) 


7. 


Castellated shear nut (Page 1-6) 


8. 


250° F. (Page 1-10) 


9. 


special (Page 1-9) 


10. 


Illustrated Parts Breakdown (Page 1-10) 


11. 


One turn before the nut seats (Page 1-12) 
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| MISCELLANEOUS HARDWARE, SAFETY1NG, 

I AND TURNLOCK FASTENERS 



Reading Assignment: 


/ 


Pages 2-1 through 2-18 




OBJECTIVES 


After finishing this assignment, you should be able to: 


1. 


State the four main groups of screws. 


2. 


Describe situations requiring the use of taper or flathead pins. 


3, 


Describe the different methods of safetying. 




Explain the use of turnlock fasteners. 


5, 


State the difference between heavy-duty and light-duty Dzus fastener 



Flat-head Machine Screws 

Flat-head machine screws are used in 
counter-sunk holes where flush finish is desired. 
These : screws are available in 82 and 100 degrees 
of head angle and have various types of recesses 
and slots for driving. 

Round-head Machine Screws 

Round-head machine screws are frequently 
used to assemble highly stressed aircraft com- 
ponents, > 

Fillister-head Machine Screws . 

Fillister-head machine screws are used as 
general-purpose screws and also may be used as 
cap-screws in light applications such as the at- 
* tachment of cast aluminum gearbox cover plates. 

Socket-head Machine Screws 

Socket-head machine screws are designed to 
be screwed into tapped holes by interrfal 
wrenching. The screws are used in applications 
which require high strength precision products, 
compactness of the assembled parts, or sinking of 
heads below surfaces into holes, ^ 

Pan-head and Truss-head Machine Screws 

Pan-head and truss-head screws are general- 
purpose screws used where head height is unim- 
portant. These screws are available with cross- 
recessed heads only. 



4* 

SCREWS 

i 

Screws are the >most common type of 
threaded fasteners used on aircraft. They are 
similar to othe types of threaded fasteners such 
as bolts, but screws differ mainly in that they 
usually have a lower material strength, a looser 
thread fit, and shanks threaded along their entire 
length. However, several types of structural 
screws are available which differ from structural 
bolts only in the .type of head. Their material is 
equivalent, and they have a definite grip. Screws 
may be divided into four main groups - structural, 
machine, self-tapping, and setscrews, 

STRUCTURAL SCREWS 

Structural screws are used for assembly of 
structural parts, as are structural bolts. The 
screws are made of alloy steel and are properly 
heat treated. Structural screws have a definite 
grip length (figure 2-1) and the same shear and 
tensile strengths as the equivalent size bolt. 
Structural screws differ from structural bolts only 
in the type of head. These screws are available in 
round-head, countersunk-head, and brazier-head 
types, either slotted or recessed for the various 
types of screwdrivers, 

MACHINE SCREWS 

The commonly used machine screws are the 
round-head,, flat-head, fillister-head, pan-head, 
truss-head, and socket-head types (figure 2-2), 
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Figure 2-1. - Structural screws. 
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FLATHEAD, MACHINE SCREW 




ROUNDHEAD, MACHINE SCREW 





FILLISTER HEAD, MACHINE SCREW 




PAN HEAD, MACHINE SCREW 




TRUSS HEAD, MACHINE SCREW 



SELF-tAPPING SCREWS 

A self-tapping screw is one that cuts its own 
internal threads as it is turned into the hole in 
which it is inserted. Self-tapping screws can be 
used only in comparatively soft metals and 
materials. Self-tapping screws may he farther 
divided into two classes or groups - machine 
self-tapping screws and sheet-metal self-tapping 
screws. • / 

Machine self-tapping screws are usually 
used tp attach removable parts, such as name- 
plates to castings. The threads of the screw cut 
> mating threads in the casting after the hole has 
been predriiled undersize. Sheet-metal self- 
tapping screws are used for temporarily attaching 
sheet meted in place for riveting and for perma- 
nent assembly of' nonstructural assemblies, where 
screws must be inserted in blind applications. 



CAUTION: Self-tapping screws should never 
be used to replace standard screws, nuts, or 
rivets in the original structure. 

5ET5CREW5 

Setscrews are used to position ahd hold in 
place components such as gears on a shaft. Set- 
screws are available with many different point 
styles. These screws are classified as hexagon- 
socket an<5 fluted-socket headless setscrews. 



PINS 
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SELF-TAPPING, SCREWS 



Figure 2-2. - Machine screws. 



TAPER PINS 

Taper pins are used in joints that carry 
shear loads and in areas where some clearance is 
required. (See figure 2-3 (A) and (B).) The 
threaded taper pin is used with a taper-pin washer 
and a shear nut if the taper pin is drilled, or with 
a self-locking nut if undrilled. When a sheair nut 
is used with the threaded taper pin and washer, 
the nut is secured with a cotter pin. 



FLATHEAD PINS 

The flathead pin is used with tie rod terminals 
or secondary controls, which do not operate 
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STATIONARY 
MEMBER 




-PLAIN 
TAPER 
PIN 

-MOVABLE 
MEMBER 



PLAIN TAPER PIN INSTALLEO 



STATIONARY 
MEMBER 



THREAPED 1H 
TAPER 
PIN 




MOVABLE 
MEM8E 



TAPER PIN 
WASHER 



THRE ADED TAPER "PIN INSTALLED 



FLATHEAD PIN 




COTTER PIN 



WASHER 



FLATHEAD PIN INSTALLED 



Figure 2-3. - Types of aircraft pins. 
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Figure 2-5. - Types, of cotter pins. 

continuously. This pin is used where little 
clearance is provided. The flathead pin should be 
secured with a cotterpin. The pin is normally 
installed with the head up (figure 2-3 (O). This 
precaution is taken to maintain the flathead pin in 
the installed position in case of cotter pin failure. 



HELI-COIL INSERTS 

Heli-Coil thread inserts are primarily de- 
signed to be used in materials which are not 
suitable for threading because of their softness. 
The inserts are made of a diamond cross- 
sectipned stainless steel wire which is helically 
coiled. In its finished form, the wire is similar to 
a small spring which has been fully compressed. 
There are two types of Heli-Coil inserts. (See 
figure 2-4.) One is the plain insert, made with a 
tang that forms a portion of the bottom coil 
offset and is used to drive the insert This tang is 



Tang „ Opposite 

End 





PLAIN 
HEU-COIL 




External Threads 




CROSS SECTION 




APPLICATION 



Figure 2-4. - Heli-Coil inserts. 
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left on the insert after Installation, except when 
removal is necessary to provide clearance for 
the end of the bolt The tang is notched to 
provide for the breakoff from the body of the 
insert, providing full penetration for the fastener. 

The second type of insert is the self-locking 
mid-grip insert which has a specially formed grip 
coil midway of the insert. The grip coil produces a ( 
gripping effect on the engaging screw* For quick 
identification, the self-locking mid-grip inserts 
are dyed red. 



SAFE TYING MATERIAL 



Maintenance personnel will come in contact 
with many different types of safetying materials. 
These materials are used to stop rotation and 
other movement of fasteners and to secure other 
equipment likely to come loose due to aircraft 
vibration during flight. 



COTTER PINS , 

Cotter pins are used to secure bolts, screws, 
nuts, and pins. Some cotter pins are made of low- 
carbon steel; others consist of stainless steel and 
thus are more resistant to corrosion. In addition, 
stainless steel cotter pins may be usecj in 
locations where nonmagnetic material is required. 
Regardless of shape or material, all cotter pins 
are Used for the same general purpose-safetying. 
Figure 2-5 shows three types of cotter pins and 
the method for determining their size. 



NOTE: The length of uneven prong cotter 
pins is measured to the end -of the shortest prong. 



SAFETY WIRE 

Safety wire comes in many types and sizes. 
You must first select the correct type and size of 
wire for the job. Annealed corrosion-resisting 
wire is used in high-temperature, electrical- 
equipment, and aircraft-instrument applications. 
All nuts except Hhe self-locking types must be 
safetied; the method used depends upon the par- 
ticular installation. Figure 2-6 illustrates the 
correct methods of installing safety wire. The 
following general rules apply to safety wiring: 




SAFETY METHODS SHOWN ARE FOR 



RIGHT HAND THREADS. LEFT HAND OPPOSITE. 




SAFETY WIRE AROUND 



Figure 2-6. - Safety wirfc installation. 



1. All safety wires must be tight after in- 
stallation, but not under so-much tension that 
normal handling or vibration will break the wire. 

2. The wire must be applied so that all pull 
exerted by the wire tends to tighten the nut, 

3. Twists should be tight and even and the 
wire between nuts as taut as possible without 
overtwisting. Witfe between nuts should be twisted 
with the hands. The use of pliers will damage 
the wire. Pliers may be used only for final 
end twist prior to cutting off excess wire. 

Annealed copper safety wire is used for 
seeing first aid kits, portable fire extinguishers, 
oxygen regulator emergency valves, and other 
valves and levers used for emergency operation 
of aircraft equipment This wire can be brpken 
by hand in case of an emergency. 



There are two methods of lockwiring, the 
doubletoist method that is most commonly used, 
and the single wire method used on screws, 
bolts* and/or nuts in a closely spaced or closed 
geometrical pattern such as a triangle, square, 
rectangle, or circle. The single wire method 
may also be used on parts in electrical systems 
and in places that are difficult to reach. 

Note 

Safetywire shall not be used' to secure 
nor shall it be dependent upon fracture 
as the basis for operation of emergency 
devices such as handles, switches, guards 
covering handles, etc., that operate emer- 
gency exits, fire extinguishers, emergency 
cabin pressure releases, emergency bomb 
releases, emergency landing gear door re- 
leases, and the like. However, where existing 
structural equipment or safety of flight 
emergency devices require copper safetywire 
(0.020- inch diameter only), or as identified 
in specific technical orders to secure 
equipment while not in use, but which are 
dependent upon shearing or breaking ( of 
the safetywire for successful emergency 
operation of equipment, particular care shall 
be exercised to assure that safetying under 
these circumstances shall not prevent emer- 
gency operation of these devices. 

There are many combinations of lockwiring 
with certain basic rules common to all applica- 
tions. These rules are as follows: 

a. When drilled head bolts, screws, or other 
parts are closely grouped it is more convenient 
to safetywire them in series or to each other.' 
The number of bolts, nuts, screws, etc., that 
may be wired together depends on the applica- 
tion. When securing Widely spaced bolts the 
double- twist method, the maximum number of 
bolts that can be wired in a series ijs three. 
When securing closely spaced bolts the, number 
that can be secured by a 24- inch length of 
wire is the maximum number in a series. 
Widely spaced multiple groups shall not be 
safetied together when the fasteners are from 
4 to 6 inches apart. Lockwiring shall not be 
used to secure fastenings or fittings which 
are spaced more than 6 inches apart, unless 
tie points are provided on adjacent parts to 
shorten the span of the lockwire to less than 
six inches. 



b. Drilled head bolts and screws need 
not be safetywired if installed with self-locking 
nuts or lockwashers in accordance with appli- 
cable T.O.'s. • " 

a Lockwire must be tight when installed. 

(1) To prevent failure due to rubbing 
or vibration, lockwire must be tight after instal- 
lation. 

d. Lockwire must tend to tighten. 

(1) By installing lockwire in a manner 
that tends to tighten and keep a part locked 
in place, the natural tendency of the part to 
loosen is' counteracted. 

e. Lockwire must never be overstressed. 

(I) Lockwire will break under vibra- 
tions if twisted too tightly. Lockwire shall be 
pulled taut when being twisted, but shall have 
a minimum of tension, if any, when secured. 



f. Lockwire ends shall be bent into the 
part to avoid sharp or projecting ends which might 
present a safety hazard. 



g. Internal wiring must not cross over 
or obstruct a flow passage when an alternate 
method can be used. 

(1) Check the units to be lockwired 
to make sure that they have been correctly 
torqued and that the wiring holes are properly 
positioned in relation to each other. When there 
are two or more units, it is desirable that 
the holes in the units be in the same relation- 
ship to each other. Never overtorque or loosen 
units to obtain proper alignment of the holes. 
It should be possible to align the wiring holes 
when the units are torqued within the specified 
limits. However, if it is impossible to obtain 
a proper alignment of the holes without either 
over or under torquing, select another unit 
which will permit proper alignment within the 
specified torque limits. , 

(2) To prevent mutilations on the twisted 
section of the wire when using pliers, grasp 
the wire at the ends or at a point that will not be 
twisted. Lockwire must not be nicked, kinked 
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or mutilated. Never twist the wire ends off 
with pliers and, when cutting off ends, leave 
at least three to six complete turns (1/4 to 
1/2 inch) after the loop. The strength of the 
lockwire holes is marginal. When removing 
a lockwire, never frirtst the wire off with pliers. 
Cut the lockwire close to the hole, exercising 
extreme care. 

(3) Figure 2-7 illustrates typical 
iockwiring procedures. Although there are 



numerous Iockwiring operations performed on air- 
craft hardware, practically all are' derived from 
the basic examples shown in figure 2-7. 



h. Lockwire should, where practicable be 
installed with the wire positioned around the head 
of the bolt, screw, or nut and twisted in such a 
manner that the loop of the wire fits closely to 
the contour of' the unit being iockwired. 




SMALL SCREWS IN CLOSELY 
SPACED CLOSEO GEOMETRICAL 



PATTERN 
SINGLE- 1 



WIRE METHOD 




SCREW HEA0S 
DOUBLE- TWIST METHOD 




BOLT HE AOS 




SINGLE- FASTENER APPLICATION 
DOUBLE-TWIST METHOD 



EXTERNAL SNAP RING 
SINGLE 'WIRE METHOD 




NOTE 




THE SAFETYWIRE IS SHOWN INSTALLED FOR RIGHT-HAND THREADS. THE SAFETY rfIRE 
IS ROUTED IN THE OPPOSITE DIRECTION FOR LEFT-HAND THREADS, 



Figure 2-7. - Securing screws, nuts, bolts, and snap rings. 
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CONNECTORS AND COUPL^GS 



( A variety of clamping devices are used to 
connect ducting sections to each other or to 
various components. Whenever ducting, lines or 
components are disconnected or removed for 
any reason, install suitable plugs, caps or cover- 
ings on the 9penings to prevent the entry of 
foreign materials. Tag the various parts to 
ensure correct reinstallation, take care during 
handling and installation to ensure that flanges 
are not scratched, distorted, ordeformed. Flange 



surfaces should be free of dirt, grease, and 
corrosion. The protective flange caps should 
be left on the ends of the ducting until the in- 
stallation progresses to the point where removal 
is necessary to continue with the installation. 

In most cases, seals and gaskets must be 
discarded and replaced. Ensure that seals and 
gaskets are properly seated and that flanges 
are mated and aligned so that excessive torque 
is "not required to clo^e the joint. Excessive 
torque may impose structural loads on the clamp- 
ing device. Adjacent support clamps and brackets 




MARMAN BAND CLAMP 




AN737 BAND CLAMP 




MARMAN BANO CLAMPS TO 
BE USED IN TIGHT AREAS 






AN737 BANO CLAMP FOR 
STANDARD INSTALLATIONS ' 



1/8-INCH MAXIMUM MISALIGNMENT 




h-l/8 INCH MINIMUM 
3/4 INCH MAXIMUM 

• 1/4 INCH MINIMUM' 

Figure 2-8. - Flexible line connectors. 
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should remain loose until installation of the 
coupling has been completed. 

FLEXIBLE CONNECTORS/COUPLING 

Some of the most commonly used plain band 
couplings are illustrated in ? figure 2-8. When a 
hose is installed between two duct sections,, as 
shown in figure 2-8, the gap between the duct 
ends should be 1/8 inch minimum to- 3/^ inch 
maximum. When the clamps are installed on the 
connection, each clamp should be i/*f inch mini- 
mum from each end of the connector. 
Misalignment between the ducting ends should not 
exceed 1/8 inch maximum. 

Marman type clamps commonly used induct- 
ing systems should be tightened to the torque 
value indicated on the coupling. Tighten all 
couplings in the manner and to the torque value 
specified on the clamp or in the applicable 
Maintenance Instructions Manual/ 

When flexible couplings are installed such as 
the one illustrated in figure 2-9 the^following 
steps are recommended to assure proper security: 

1. Fold back half of the sleeve seal and slip 
it onto the sleeve. 

2. Slide the sleeve (with the sleeve seal 
partially installed ) onto the. line. 

3. Position the split sleeves over the line 
beads. 

4. Slide the sleeve over the split sleeves and 
fold over the sleeve seai 39 that it covers the 
entire sleeve. 

5 # Install the coupling over the sleeve seal 
and torque to correct value. 

NOTE: To find torque values for the various 
* sizes and types of couplings, refer to the applicable 
Maintenance Instructions Manual. Some couplings 
will have the correct torque yalue marked on 
the outside of the band. v 

RIGID COUPLINGS ; 

The rigid line coupling illustrated in figure 
2-10 is referred to as a V-band coupling. When 
this coupling is installed in restricted areas, some 
of the stiffness of the coupling can be overcome 
by tightening the coupling over a spare set of 
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SPLIT SLEEVE 




Figure 2-9*- Installation of flexible line couplings. 

flanges and a gasket to the recommended torque 
value of the joint. Tap the coupling a few times 
with a plastic mallet before removing it. 

When installing rigid couplings, follow the 
steps listed below and illustrated in figure 2-10. 

1. Slip the V-band coupling over the flanged 

tube. 

2. Place a gasket into one flange. One quick 
rotary motion assures positive seating of the 

* gasket 

3. Hold the gasket in place with one hand 
while the mating flanged tube is assembled into 
the gasket with a series of vertical and horizontal 
motions to assure the seating of the mating 
flange to the gasket. 

NOTE: View B of figure 2-10 illustrates the 
proper fitting and connecting of a rigid coupling, 
using a metal gasket between the ducting flanges. 

4. While holding the joint firmly with one 
hand, install the V-band coupling over the two 
flanges. 

5. Pre^ss the coupling tightly around the 
flanges with one hand while engaging the latch. 
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Figure 2-10. - Installation of rigid line couplings. 



6. Tighten the couplingfirmlywith a ratchet 
wrench. Tap the outer periphery of the coupling 
with a plastic mallet to assure proper alignment 
of the flanges in the ccmpling. This action will 
seat the sealing edges of the flanges in the 
gasket. Tighten again, making sure the recom- 
mended torque is not exceeded. 



7. Check the torque of 'the coupling with a 
torque wrench and tighten until the specified 
torque is obtained. , 

8. Safety wire the V-band coupling as x 
illustrated in figure 2-11 as an extra measure of 
security in the event of T-bolt failure. If the nut 
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on the T-bolt is drilled fbr o safetying; extend the 
safety wire to the nut so that the wire will pull 
on the nut in a clockwise (tightening) direction. 
Most V-band connectors use, a T-bolt with some 
type of seif-locking nut. 



TURNLOCK FASTENERS 

Turnlock fasteners are used to secure inspec- 
tion plates, doors, and other removable panels 
on aircraft Turnlock fasteners are also referred 
to by such terms as quick-opening, quick-action, 
and stressed-panel fasteners. The most desirable 
feature of these fasteners is that they permit 
quick and easy removal of access panels for 
inspection- and servicing purposes. Although re- 
moval and replacement of dama^d turnlock 
fasteners is usually one of the responsibilities 
of the AM, all maintenance personnel should be 
familiar with the different types of fasteners, 
their uses, and component parts. The removal 
and installation of fasteners is relatively simple, 
and any maintenance person may, at some time, 
have to replace one of them. 

CAMLOC FASTENERS V 

The 4002 series Camloc fasteners consist of 
four principal parts - the receptacle, the grom- 
met, the retailing ring, and the stud assembly. 
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(See figure- 2-12.) The Acceptable consists of an * 
aluminum alloy forging mounted in a stamped 
sheet-metal base. The receptable assembly is 
riveted to the access door frame, which is at- 
tached to the structure of the aircraft. The 
grommet is a sheet-metal ring held in the access 
panel with the retaining ring. Grommets are fur- 
nished in two types, the flush type and the 
protruding type. In addition to serving as a 
grommet for the hole in the access panel, the 
grommet holds the stud assembly. The stud 
assembly consists of a stud, a cross pin, spring, 
and a spring cup. The assembly is so designed that 
it can be. quickly inserted into the grommet by 
compressing^the spring." Once installed in the 
grommet, the^ stud assembly cannot be removed 
unless the spring is again compressed. 



Camloc Installation Tools 

4 The following list of Camloc tools,should 1» 
available to assure satisfactory Camloc installa- 
tion. The list does not represent the minimum 
tools' required for any particular installation. 

Pliers, No. 4P3. 
Snapring tool, No. T26. " 
Cutters, Nos. 4-G2C anid 4-GC. . 
Hole saws, Nos. HS-471D and HS-500. 
Flaring tools, Nos. T-55-1 and T-50-1. 
Dimpling tools, Nos. 4-G200M, 4-G200F, 
2-S200M, and 2-S200F. 

Camloc Fastener Repair 

- * .Repair of Camloc fasteners includes removal 
of the damaged stud, grommet, or receptacle, 
and installation of the replacement part. In all 
cases, alignment of the stud, grommet, and re- 
ceptacle must be 'maintained. 

Grommet selection is determined as follows: 

1. In the 4002 series, the grommet is used 
in combination with the stud assembly, but is 
dependent upon the type of hole required, the 
total thickness of the material, and the specified 
counterbore of the snapring/ 

2. In the 2700 series, the spring cup of the 
stud assembly eliminates the use of a grommet. 

\ 

3. In the 40S51 series, the grommet is a 
nonremovable part of the stud assembly. 
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Figure 2-12. - Camloc^002 series fastener* 



NOTE: Lateral movement of the grommet 
must be*' held to a minimum, Vertical movement 
of the grommet, when the fastener is unlocked, 
should be held to a minimum to prevent possible 
loss or fallout of the grommet. 

x - 

The following repair methods apply to the 
4002 series C&mloc fastener. 



Stud assemblies -16 and longer are retained in 
the grommet py a split washer. No pliers are 
required for removal or installation, of these 
studs. The stud is inserted in the grommet, and 
the split washer is placed on the stud sharjk 
between the cross pin and the spring cup. The c 
stud cross pin should not be removed under any 
circumstances. 



Stud Damage 



Grommet Damage 



Stud assemblies 5 4002-1 through -15 are 
removed by compressing the spring with Camloc 
pliers and lifting out the stud. To install a new 
stud, compress the spring and insert the stud Tnto 
the grommet" (See figure 2-13.) When the spring is 
released, the stud assembly cannot fall out. 



Remove the grommet by first prying off the 
snap ring and slip the grommet o\A of the hole. 
Check for possible damage to the hole size 9t the 
dimple* or countersink. Remove all burrs and in- 
stall a new grommet identical to the original. 
Install a new snapring, using snapring tool T26, 



Figure 2-13. - Installing Carrie stud. 



as shown .-in figure 2-14. The snapring must be 
fully seated behind the shoulder of the grommet. 

Receptacle Damage 

The AM will remove the attaching rivets, 
using standard removal procedures, whdn re- 
placing the damaged receptacle. The new re- 
ceptacle, which should be identical to the origi- 
nal, is then riveted into place. 

Camloc Higtf-stress Panel Fasteners 



The Camloc * high-stress panel fastener 
shown in figure 2-15 is a high-strength, quick 
release, rotary type fastener and may be used on 
fiat or curved, inside or outside panels. The 
'fastener may have either a flush or protruding 
stud. The studs are held jn the panel with fiat or 



cone-shapeo washers. Cone-shaped washers are 
used with flush fasteners in dimpled holes. This 
fastener may be distinguished from screws by the 
deep No. 2 Phillips recess In the stud head and by 
the bushing in which the stud is installed. 

A threaded insert in the receptacle provides 
an adjustable locking device. As the stud is ^ 
inserted and turned counterclockwise 1/2 turn 
or more, it screws out the insert sufficiently to 
permit the stud key to engage the insert cam 
when the stud is turned clockwise. Rotating the 
stud clockwise 1/4 turn engages the insert, and 

^continued rotation screws the insert in, tighten- 
ing the fastener. Turning the stud 1/4 turn 
counterclockwise will release the stud, but will 

' not screw the insert out far enough to permit 
reengagement on installation. The stud should 
be turned at least 1/2 turn counterclockwise to 
reset the insert. 
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Figure 2-U. - Installing snapring behind shoulder 
of grommet 

AIRLOC FASTENERS 

Figure 2-16 illustrates the parts that make 
up an Airloc fastener. As with the Camioc 
fastener, the Airloc fastener also consists of a 
receptacle, a stud, and a cross pin. The stud is 
attached to the access panel and is held in place 
by the cross pin. The receptacle is riveted to the - 
access panel frame. 



Two types of Airloc receptacles are avail- 
able — the fixed type (insert A) and the floating 
type (insert B). The floatingtype makes for easier 
alignment of the stud in the receptacle. Several 
types of studs are also available, but in each 
instance the stud and cross pin come as separate 
units so that the stud may be easily installed in 
the access panel. 



2 



The Airloc receptacle is fastened to the inner 
surface of the access panel frame by two rivets. 
Rivet heads must be flush with the outer surface 
of the panel frame. When replacing receptacles, 
the AM will drill out the two old rivets and attach 
the new receptacle by flush riveting, being care- 
ful not to mar the sheet. When inserting the stud 
and cross pin, insert the stud through the access 
panel and, by using a special hand tool, insert the 
cross pin in the stud. Cross pins can be removed 
by means of special ejector pliers. / 

' Airloc Fastener Repair 

The Airloc assembly consists of the recep- 
tacle, stud, and cross pin as seen figure 2-16. The 
repair of this fastener is normally made by com- 
plete replacement of the damaged parts. The stud 
and cross pin should never be reused due to the 
press fit, which is necessary for cross pin reten- 
tion. 

Installation Procedures 

The stud normally comes in two head types, 
the countersunk and round head, (See figure 2-17). 
The head of the stud is stamped to indicate the 
total grip length. Studs are- available in lengths 
that vary in increments of ten-thousandths of an 
inch. 

- After determining the correct length of 
stud, insert the new stud into the panel or sheet. 
Using the special Airloc tool, press the cross pin 
"into the stud hole, as shown in figure 2-18. 

When Airloc fasteners do not fasten properly 
and the studs are known to be the correct 
length, excess misalignment is normally the 
cause. This condition can often be corrected by 
removing the panel and fastening the studs in a 
different sequence. Fastening the difficult studs 
first or starting in the middle of the panel 
and working toward each end usually corrects 
this condition. 

Removal ■ 

To remote damaged receptacles, remove 
the rivets, using standard removal procedures. 
The stud is removed by pressing out or clipping 
off the cross pin. Remove the cross pins for 1- 
inch and I 3/8-inch studs by pressing out the pins, 
using special hand pliers. (See figure 2-19). The 
cross pin for 3/4-inch studs may be removed 
* either by using the hand pliers or by clipping off 
the cross pin. 
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1. Tension spring. 

2. Stud assembly. 

3. Bushing. 

4. Retaining ring. 

5. Receptacle assembly. 

6. Receptacle attaching rivets. 

7. Outer skin. 

8. Inner skin. 

9. Insert. 

10. Cover. ' ^ 



Figure 2-15. - Camioc high-stress panel fastener. 
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Figure 2-19. - Hand pliers for removing cross pins. 



DZUS FASTENERS 

Dzus fasteners are available in two types. One 
is the light-duty type, used on box covers, access 
hole covers, and lightweight fairing. The second is 
the heavy-duty type, used on cowling and heavy 
fairing. The main difference between the two 
types of Dzus fasteners is a grommet, used 
by heavy-duty but not toy light-duty fasteners. 
Otherwise, the construction features are about 
the same. 



Figure 2-17. - Airloc stud head shapes, 
countersunk and round. 




Figure 2-18. - Inserting cross pin, using special 



Airloc handtool. 



Figure 2-20 shows the parts that make up a 
light-duty Dzus fastener. Notice that the parts 
include a spring and a stud. The spring is made of 
cadmium-plated steel music wire and is usually 
riveted to an aircraft structural member. The 
stud comes in a number of designs (as shown in 
insets A, B, and C) and mounts in a dimpled hole 
in the cover assembly. 

When the panel or plate is beingpositioned on 
the aircraft preparatory to being secured in place, 
the spring riveted to the structural member 
enters the hollow center of the stud, which is 
retained in the plate or panel. Then, when the 
stud is turned about 1/4 turn, the curved jaws of 
the stud slip over the spring*and compress it. 
The resulting tension locks the stud in place, 
h securing the panel or plate. 

., # 

Dzus Fastener Repair 

The main difference in repairing the two 
types of Dzus fasteners is that the heavy-duty 
type requires an additional operations The re- 
taining grommet must also be removed and 
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Figure 2-20. - Dzus fastener. 



replaced. The S-shaped spring is replaced if 
damaged or broken. 

Installation 

The light-duty Dzus fastener is installed in 
three steps. (See (A) figure 2-21.) Using a special 
set of dies, dimple the hole. Then insert the 
correct size of stud in the dimpled hole. Using 
another set of dies, force the dimpled material 
into the undercut of the stud to lock the stud in 
place. 

The heavy-duty Dzus fastener is installed in 
four steps. (See (B) figure 2-21.) Drill a hole to 
the proper size arid insert the grommet. Then set 
the grommet (partially flared). Insert the correct 
size of fastener through the grommet. Using a set* 
of dies, flare the grommet material, forcing the 
grommet to clinch the undercut part of the stud 
and the panel. This clinching action locks the stud 
in position. 



Removal 

The light-duty Dzus fastener may be removed 
by placing the . stud over a hole in an anvil and 
striking the stud with a hammer and drift punch. 
After .the broken stud is driven out, the hole will 
be too large and will be dimpled on the wrong side. 
This may be remedied by flattening the hole 
area with a hammer and redimpling with the 
proper size dimpling tool. Removal of the heavy- 
duty Dzus fastener requires a different pro- 
cedure. A grommet is used in the hole and 
must be cut away before the damaged stud can 
be removed. A new grommet must be inserted 
before a new stud is installed. 

The heavy-duty Dzus fastener may be re* 
moved by cutting away the grommet, using 
diagonal cutter type pliers. The old fastener is 
then free to' fall out of the hole. Inpsect the hole 
area for damage, and repair as necessary. 
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Figure 2-21. - Dzus fastener installation. 



Then reinstall the new fastener and grommet in 
the original hole, as described earlier. 



Repair of the Hole 



When the hole is too badly worn to permit 
reinstallation of the same size heavy-duty 
fastener, it is- recommended that a lap patch be 
installed over the old hole and a new hole cut in 



the lap patch. Then install the new fastener in 
the lap patch. 

Repair, of a Spring 

• When a spring is broken or damaged, replace 
with an identical spring. Different spring heights 
are available for each fastener. Special springs 
are used for installation in box corners and 
panels which would be subjected to either hori- 
zontal or vertical movements. 
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K SELF-QUIZ #2 

PLEASE NOTE: Man, « ONLY £ 

material, 

1 . Which screw has a definite grip and is made of equivalent bolt material? 

2. Which nut should be used with a drilled taper pin? 

3. Which component secures a flathead pin in position? 

if. For quick identification, self-locking Heli-Coli inserts are dyed • 

5. What type of cotter pin is used in an area where nonmagnetic material is required? 

6. During the safety wiring process, you should use plier»ONLY for ; , • 

7. Why must a V^-band coupling be safetywired? 
Installed Camloc stud assemblies are held in position by either a split washer or a 



8. 



9. Which turnlock fastener requires the removal of the cross pin before the stud can be 
removed? 

10. To remove a heavy-duty Dzus fastener, you must cut away the • 

(See page 2-22 for ANSWERS to Self-Quiz questions) 
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ANSWERS TO SELF-QUIZ #2 



Following are the correct answers and references to the text pages which cover each question 
and correct answer. To be sure you understand the answers to those questions you missed, you 
should restudy the referenced portions of the text. 

1. Structural screw (Page 2-1) 

2. Castellated shear (Page 2-3) 

3. Cotter pin (Page 2-4) 

4. red (Page 2-5) . 

5. Stainless steel (Page 2-5) 

6. the final end twist (Page 2-5) 

7. To provide an extra measure of security in the event of T-bolt failure. (Page 2-10) 



9. 



8. 



10. gromm/t (Page 2-18) 

< 



grommet (Page 2-11) 



Airlbc (Pafee 2-14) 




2-22 



no 



PAMPHLET REVIEW QUIZ 



PLEASE MOTF- Many students study ONLY the self-quizzes and pamphlet review quiz, thinking that this 



/vsr tvji) i r-; Many siuaerus aiuuv wnti > ■ _ • _ - . , _ 

willte enough to pass the End-6f-Course Test. THIS IS NOT TRUE. The EhcOTCourse Test is based on 
the stated course objectives. To pass the EOCT, you must study all the course material. 



1. What is the grip length of a bolt? 

A. Threaded portion of the bolt shaft 

B. Unthreaded portion of the bolt shaft 

C. Entire length of the bolt 

D. Entire length of the shaft 

2. When determining bolt grip, how many 
threads, if any, may extend into the bolthole? 



A. 
B. 
C. 
D. 



Two 
Three 
Four 
None 



3. If the bolt thickness is ilk inch or more, 
how is the bolt diameter expressed? 

A. Alphabetically 

6. Alphanumerically 

C. In fractions of an inch 

D. In whole 'numbers 

4. You should use the appropriate size Allen 
wrench to tighter and loosen the countersunk 
head bolt and the _ i bolt. 

A. " clevis 

B. eye 

C. external wrenching 

D. internal wrenching 

5. Two dashes on the head of a bolt indicate 
that the bolt, material is • 

A. c steel 

B. cbrrosion-resistant steel 

C. aluminum alloy 

D. tungsten 



7. A dash following an AN bolt series number 
indicates that the bolt is • 



A. made of carbon steel 

B. made of corrosion-resistant steel 

C. close tolerance 

D. drilled for safetying 



8. You can identify the type of material of an 
aircraft nut by the 



A. . type of self-locking feature 

B. number of threads per inch 

C. diameter of the inside hole 

D. metallic luster of the metal 



The two general groups of nuts are 



Special * bolts usually have 
stamped on their heads. 



a/an 



A. 
B. 
C. 
D. 



X 

s 

triangle 
single dash 



A. steel and aluminum 

B. plain and castellated 

C. self-locking and nonself-locking 

D. regular and aircraft 

10. Which n«it is designed for shear stress and is 
safetied wi^h a cotter pin or safety wire? 

A/ 7 Castle 
/.B. Castellated shear 
y C. Check 
D- Plain 



11. How many times, if any, should you reuse 

self-locking nuts installed in critical areas on an 

aircraft unless technical publications specify 
otherwise? 

A. One time only 

B. Two times only 

C. As long as the locking device is good 

D. Cannot be reused 



/ 



It 



12. During installation, hpw can you prevent a 
lockwasher from damaging the surface of a soft 
material? 

s 

A. Use a plain washer under the lock- 
washer 

B. Decrease the fastener torque . 

C. Lubricate the washer and \he soft 
material surface ' 

D. Use checknuts with the lock- washer 

13. Which washer should be used under the head 
of an internal wrenching bolt? 

A. Flat 

B. Countersunk 

C. Lock \ 

D. Ball-socket 

14. When securing aluminum or magnesium 
parts with a steel bolt, you should use a/an 

washer. 



A. . steel 

B. copper 

C. magnesium 

D. aluminum 



15. Why must ail bolts in a particular instal- 
lation be tightened (torqued) an equal amount? 

A. Prevent stripping the threads 

B. Prevent shearing the bolts while tor- 
quing 

C. Permit each bolt to carry its share of 
* the load 

D. Ensure that all the washers are pro- 
perly seated 

16. How do structural screws differ from struc- 
tural bolts? 

A. Heat treatment 

B. Type of head 

C. ^ Major alloy 

D. Thread fit 



IS. Which machine screw is* usually used to 
attach removable parts, such" as nameplates, to 
castings? 

A. Self -tapping screw 

B. Setscrew 

C. Truss-head screw 

D. Fiat-head screw 



19. The portion of a Heii-coil used to drive the 
insert is*the ' . 



A. 
B. 
C 



keyway 
prong 
grip coil 
tang 



20. Safety wire which can be broken /by hand in 
case of an emergency is made of 



A. stainless steel 

B. carbon steel 

C. aluminum alloy 

D. annealed copper 



21. To find torque values for the various sizes 
and types of couplings, you should look in the 
applicable Maintenance Instructions Manual or 



A. in the Accessory Manual 

B. in the Structural Repair Manual 

C. on the outside of the band 

D. on the ducting 



22. When installing a V-band coupling over two 
tube flanges, you can assure proper alignment of 
the flanges by . 



17. Which machine screw is frequently used to 
assemble highly stressed aircraft components? 



A. 
B. 
C. 
D. 



Pan-head 
Truss-head 
Round -head 
Flat-head 



A. applying and releasing the torque 
several times 

B. tapping the coupling with a plastic 
mallet 

C. holding the flanges in alignment as 
torque is applied 

D. applying a series of vertical and hori- 
zontal motions 
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23. The MOST desirable feature of turn-lock 
fasteners is that they • 

A. permit quick and easy removal of ac- 
cess panels 

B. provide a grfeater measure of security 
than threaded fasteners 

C. are maintenance free 

D. are not affected by high operating 
temperatures 



2>. To remove a damaged heavy-duty Dzus 
fastener stud, you must _. ; ■ * 

A* cut away the grommet 

B. tap the stud out with a drift punch 

C. cut the head from the stud 

D. remove the snap ring 



2<f. In addition to serving as a grommet for a 
hole, a Camloc grommet holds the 



A. receptacle 

B. spring cup 

C. stud retaining ring~ 

D. stud assembly 
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PAMPHLET REVIEW QUIZ 
ANSWER KEY 

Following are the correct answers and references to the text pages which cover each question 
and correct answer. To be-sure your understand the answers to those questions you missed, you 
should restudy the referenced portions of the text. 
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, This pamphlet contains originalmaterial developed at the 
1 Coast Guard Institute and also, excerpts from: 

* 

HC430B and HC-130H Structural 

Repair Manual T ° 1C-130A-3. 

Aviation Structural Mechanic S 3 & 2 NAV%RA 10308--C 



^^^^^^^^^^^^^^^^ t 

IMPORTANT NOTE: \n January, 1981, the information 
contained in this pamphlet was current according to the latest updates 
of tliose Directives/ Publications listed. This pamphlet was compiled for 
training ONLY. It should NOT be used in lieu of official Directives or 
publications. It is always YOUR responsibility to keep abreast of the 
latest professional information available for your rate. 



The personnel respbnsib!e 5 for the latest review and 
update of the material in this component during January 1981 are: 

AMCM S. R. Carter (Subject Matter Specialist) 
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, NOTICE TO STUDENT 



This pamphlet contains lesson quizzes and 
a pamphlet review quiz. Correct answers and 
text ' references are printed in the right-hand 
column of each quiz page. A 3 1/4 X 9-inch 
Answer Key Mask is provided with each course. 
Lay the mask over the answers in the Tight- 
hand column. After you answer the questions, 
remove the mask to check your answer with 
the printed answer. Try to answer the questions 
in each , quiz before looking back at the text. 



INTBODUCTIofc 

This pamphlet outlines the types and characteristics of metals used in 
aircraft construction and identifies the common types of aircraft hardware. 
To ensure the continued structural integrity of Coast Guard aircraft, all 
Structural mechanics, must -be thoroughly familiar with the information that 
will be presented here. 

Two major topics will be discussed in this pamphlet: 

(1) Aircraft metals \ - 

i (2) Aircraft sturctural hardware 

First, we will discuss the two types of aircraft metals (ferrous and non- 
ferrous.), their characteristics, identification, and uses in ^aviation. We will 
also discuss the factors to be considered when substituting and interchanging 
metals in Aircraft construction. 

* * The second major topic provides information on the common types of 
structural hardware used on Coast Guard aircraft. The discussion will include 
the identification of various types of hardware, their uses, proper installation 

'and removal procedures, and the special tools required for each type. You 
should refer to the specific T. O.'s for more details on the types of aircraft 
hardware, including the types not covered in this pamphlet. 

This pamphlet is divided into two sections and a pamphlet review quiz. 
Each of the two sections has a list of objectives, text material, and a self-quiz 
with answers and reference page numbers. The multiple-choice review quiz at 
the end of the pamphlet -, also includes answers and' reference pa^ numbers. 
The quiz items are designed to test your mastery of the objectives, which 
emphasize the most important points of the text. 

To get the most from this pamphlet, you should use the study tips provided 
in the INSTRUCTIONS sheet for this course. 
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AIRCRAFT METALS 



OBJECTIVES 
When you complete this section, you will be able*to: 

1. Define ferrous and nonferroys metals. 

2. Describe the various methods of identifying the types of ferrous metals. 

3. State the different metals aluminum is commonly alloyed with. 

4. Explain the numbering system for designating* the various aluminum alloys, 

5. State the different temper designations for aluminum alloys. 

. 6. Describe the advantages of^ using titanium, copper, nickel, and magnesium 
alloys in aircraft construction. 

7. Explain the prerequisites to be considered for substituting materials in the 
repair of aircraft. 



Metallurgists have been working for more 
than a half centiiry improving metals for aircraft 
construction. Each metal has certain properties 
and characteristics which make it desirable for a 
particular application, but it may have other qual- 
ities that are undesirable. For example, some 
metals are hard, others comparatively soft; some 
are brittle, some tough; some can be formed and 
shaped without fracture; And ^pme are so heavy 
that weight alone make tjiem unfeasible for air- 
craft use. The metallurgist's objectives are to im- 
prove the desirable qua/ities and tone down or 
eliminate the undesirable ones. Thte is done by 
alloying (combining) metals and by. various heat- 
treating processes. 

One does not need to be a metallurgist to 
be a good repairman or mechanic, bit he should 
possess a knowledge and understanding of the 
uses, strengths, limitations, and other charac- 
teristics of aircraft structural metals. Such 
knowledge and understanding is vital to properly 
construct and maintain any equipment, especially 
airframes. In aircraft maintenance and impair, 
evien a slight deviation from design specifica- 
tions or the substitution of inferior materials 
may result in the loss of both lives and equip- 
ment. The use of unsuitable materials can tead- 
ily erase the finest craftsmanship. T*he selection 
of the specific material for a specific repair 
job demands familiarity with the most common 
properties of various metals. 



FERROUS AIRCRAFT METALS - 

i 

A wide variety of materials is required in the 
repair of aircraft. ThiS'ls a result of the varying 
needs with respectxlo strength, weight, dura- 
bility, and resistance to deterioration of specific 
structures of^parfs. In addition, the particular 
shape or form of the material plays an important 
role. In selecting materials for aircraft repair, 
you should consider these factors, plus many 
others, in relation to their mechanical and 
physical properties. Among the common mat- 
erinis used are ferrous metals. The term 
FERROUS applies ifTthe group of metals having 
iron as their principal constituent. 

i \ 
Identification of Ffifrous Metals 



If carbon is added to iron, in percentages 
ranging up to approximately 1.00 percent, the 
product will be vastly superior to iron alone # and # 
is classified as carbon steel. Carbon steel forms 
the base of those alloy steels produced by com- 
bining carbon with other elements known to im- 
prove the properties of steel. A base metal such as 
iron, to which small quantities of other metals have 
been added, is called an ALLOY. The addition of 
other metals is to change or improve the chemical 
or physical properties of the base metal. 




SAE NUMERICAL INDEX. - The steel classi- 
fication of the Society of Automotivfe Engineers 
(SAE) is used in specifications for all high-grade 
steels used in automotive and aircraft construc- 
tion, A numerical index system identifies the com- 
pos ition of SAE steels. 

Fach SAE number consists of a group of 
digits. The first digit represents the type of 
steel; the second, the percentage of the principal 
alloying element; and usually the last two or three 
digits the percentage, in hundredths of 1 percent, 
of carbon in the alloy. For example, the SAE 
number 4150 indicates a molybdenum steel con- 
taining 1 percent molybdenum and 50 hundredths 
of 1 percent of carbon. Refer to the SAE numeri- 
cal index shown in figure 1-1 to see how the 
various types of steel are classified into four- 
digit classification numbers. 



Type of steel 


Classification 


Carbon 


lxxx 


Nickel 


2xxx 


Nickel-chromium 


3 xxx 


Molybdenum 


4xxx 


Chromium 


Sxxx 


Chromium-vanadium 


6 xxx 


Tungsten 


7 xxx 


Silicon- manganese 


9 xxx 



Figure 1-1 - SAE numerical index 

/ 

HARDNESS TESTING METHODS. - Hardness 
testing is a factor in determining the results of 
heat treatment as well as the condition of the 
metal before heat treatment. There are two com- 
monly used methods of hardness testing, the. 
BRINE LL and the ROCKWELL tests. These tests 
require the use of specific machines. An addi- 
tional somewhat indirect method (SPARK TEST- 
ING) is used in identifying ferrous metals. This 
method gives some indication of the hardness of 
the metal. 

Spark testing is a common means of identify- 
ing ferrous metals which have become mixed. 
In this test the piece of iron or steel is held against 
a revolving stone and the metal is identified by 
the sparks thrown off. Each ferrous metal has 
its own peculiar spark characteristics. The 



ipark streams vary from a few tiny shafts to a 
/ shower of sparks several feet in length. Few 
nonferrous metals give off sparks when touched 
to a grinding stone. Therefore, these metals 
cannot be successfully identified by the spark test. 

Wrought iron produces long shafts that are 
dull red as they leave the stone and end up a 
white color. Cast iron sparks are red as tttey 
leave the stone and turn to a straw color. Low- 
carbon steels give off long straight shafts having^ 
a few white sprigs. As the carbon content of the | 
steel increases, the number of sprigs along each \ 
shaft increases and the stream becomes whiter. 
Nickel steel causes the spark stream to contain 
small white blocks of light within the main burst. 

Types, Characteristics, and 
Uses of Alloyed Steels 

While the plain carbon steel type remains 
the principal product of the steel mills, so-called 
alloy or special steels are being turned out in 
ever increasing tonnage. Let us now consider 
those alloyed steels and their uses in aircraft. 

CARBON STEELS. - Steel containing carbon 
in percentages ranging from 0.10 to 0.30 percent 
are ciassed as LOW-CARBON STEEL. The equiva- 
lent^AE numbers range from 1010 to 1030. Steels 
of this grade are used for making such items as 
safety wire, certain nuts, cable bushings, and 
threaded rod ends. Low-carbon steel in sheet form 
is used for secondary structural parts and clamps, 
and in tubular form for moderately stressed struc- 
^ tural parts. 

Steels containing carbon in percentages rang- 
ing from 0.30 to 0.50 percent are ciassed as 
MEDIUM-CARBON STEEL. This steel is espe- 
ially adaptable for machining or forging and where 
surface hardness is desirable. Certain rod ends 
and light forgings are made from SAE 1035 
steel. 

Steel containing carbon in percentages rang- 
ing from 0.50 to 1.05 percent are classed as 
HIGH-CARBON STEEL. The addition of other 
elements- in varyingquantities adds to the hardness 
of this steel. In the fully heat-treated condition, 
this steel is very hard and .will withstand high 
shear and wear and have little deformation. It 
has limited use in aircraft. SAE 1095 in sheet 
form is used for making flat springs, and in wire 
form for making coil springs. 



NICKEL STEELS. - The various nickel steels 
are produced by combining nickel with carbon 
steel. Steels 'containing from 3 to 3.75 percent 
nickel are commonly used. Nickel increases the 
hardness, tensile strength, and elastic limit of 
steel without appreciably decreasing the ductility. 
It also intensifies the hardening effect of heat- 
treatment. SAE 2330 steel is used extensively for 
aircraft parts such as bolts, terminals, keys, 
clevises^ and pins. 

CHROMIUM STEELS. - Chromium 'steels are 
high in hardness, strength, and corrosion- resis- 
tant properties. SAE 51335 is particularly 
adaptable for heat-treated forgings which require 
greater toughness and strength* than may be 
obtained in plain carbon steel. It is used for such 
articles as the balls and rollers of antifriction 
bearings. 

CHROME-NICKEL OR STAINLESS STEEL S.- 
These are corrosion- resisting metals. Theanti- 
corrosive degree is determined by the surface 
condition of the metal as well as by the composi- 
tion, temperature, and concentration of the cor- 
rosive agent. 

The principal part of stainless steel is 
chromium, to which nickel may or may not be 
added. The corrosion-resisting steel most often 
used in aircraft consturction is know as 18-8 
steel because of its content of 18 percent chro- 
mium and 8 percent nickel. One of the distinctive 
features of 18-8 steel is that its strength may be 
increased by cold-working. 

Stainless steel may be rolled, drawn, bent, or 
formed to any shape. Because these steels ex- 
pand about 50 percent more than mild iiiteel and 
conduct heat only about 40 percent as rapidly, 
they are more difficult to weld. Stainless steel, 
with but a slight variation in its chemic al com- 
position, can be used for almost any part of an 
aircraft. Some of its more common applications 
are in the fabrication of exhaust collectors, 
stacks and manifolds, structural and machined 
parts, springs, castings, and tie rods and cables. 

CHROME -VANADIUM STEELS. - These are 
made of approximately 0.18 percent vanadium 
and about 1.00 percent chromium. When heat 
treated, they have strength, toughness, and resis- 
tance t£> wear and fatigue. A special grade of 
this steel- in sheet form can be cold-formed 
into intricate shapes. It can be folded and flattened 
without signs of breaking or failure. SAE 6150 



s 

is used for making springs, and chrome- vanadium 
with high-carbon content, SAE 6195, i3 used for 
Jjall and roller bearings. 

CHROME -MOLYBDENUM STEELS. - Molyb- 
denum in small percentages is used in combina- 
tion with chromium to form chrome-molybdenum 
steel which has various uses in aircraft. Molyb- 
denum is a strong alloying element, since only 
0.15 to 0.25 percent is used in the chrome-molyb- 
denum steels; the chromium content varies from 
0.80 to 1.10 percent. Molybdenum raises the 
ultimate strength of steel without affecting duc- 
tility or workability. * Molybdenum steels are 
tough, wear-resistant, and harden throughout from 
heat treatment. They are especially adaptable 
for welding, and for'this reason are used princi- 
pally for welded structural parts and assemblies. 
SAE 4130 is used for parts such as engine mounts, 
nuts, bolts, gear structures, support brackets for 
accessories and other structural parts. 

\ The progress of jet propulsion in the field of 
naval aviation has been aided by the continuous 
research in high-temperature metallurgy. This 
ressarch has made alloys to withstand the high 
temperatures and velocities encountered in jet 
power units. These alloys are chemically similar 
to the previously mentioned steels, but may also 
contain cobalt, copper, and columbium in varied 
amounts as alloying elements. 

NONFERROUS AIRCRAFT METALS 

The term NONFERROUS refers to bimetals 
which have' elements other than iron as their 
principal constituent. This group includes alumi- 
num, titanium, copper, and magnesium and their 
alloys; and in addition, such alloy metals as 
monel and babbitt. 

" Aluminum and Aluminum Alloys 

Commercially pure aluminum is a white, 
lustrous metal, light in weight and corrosion 
resistant. Aluminum combined with various per- 
centages of other metals (generally copper, 
manganese, magnesium, and chromium) form the 
alloys which are used in aircraft construction. 
Aluminum alloys in which the principal alloying 
ingredients are either manganese, magnesium, 
or chromium, or magnesium and silicon show 
little attack in corrosive environments. On the 
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other h*nd t those alloys in which* substantial 
percentages of copper are used are more sus- 
ceptible to corrosive action. The total percent- 
age of alloying elements is seldom more than 
6 or 7 percent in the wrought alymirium alloys. 

TYPES, CHARACTERISTICS, AND USES. - 
Aluminum is one of the most widely used metals 
in modern aircraft construction. It is vital to 
the aviation industry because of its high strength/ 
weight ratio, its corrosion-resisting qualities, 
and its comparative ease of fabrication. The 
outstanding characteristic of aluminum is its 
light weight. In color, aluminum resembles 
silver although it possess a characteristic bluish 
tinge of its own. Commercially pure aluminum 
melts at the comparatively low temperature 
of 1,22(PF. It is nonmagnetic and is an excellent 
conductor of electricity. 

Commercially pure aluminum has a tensile 
strength of about 13,000 psi, but by rolling or 
other cold-working processes, its strength may 
be approximately doubled. By alloying with 
other metals, together with the use of heat- 
treating processes, thl tensile strength of alumi- 
num may be raised to as' high as 96,000 psi, or 
to well within the strength range of structural 
steel. 



constuction, since they are used for stringers, 
bulkheads, skin, rivets, and extruded sections. 
Casting alloys are not so extensively used, in 
aircraft. 

WROUGHT ALLOYS. - Wrought alloys are 
divided into two classes: nonheat treatable and 
heat treatable. In the nonheat-treatable class, 
strain hardening (cold-working) is the only means 
of increasing the tensile strength. Heat-treated 
alloys may be hardened by heat treatment, by 
cold-working, or by the application of both 
processes. 

Aluminum products are identified by a 
universally used designation system. Under 
this arrangement, wrought aluminum and wrought 
aluminum alloys are designated by a four-digit 
index system. 

The first digit of the designation indicates 
the major alloying element or alloy group, 
as shown in figure 1-2. Thus lxxx indicates 
aluminum of 99.00 percent or greater, 2xxx 
indicates an aluminum alloy in which copper 
is the major alloying element', etc. Although 
most aluminum alloys contain several elements, 
only one group (6xxx) designates more Jhan. 
one alloying element. 



Aluminum alloy material, although strong, 
is easily worked, for it is very malleable and 
ductile. It may be rolled into sheet's as thin as 
0.0017 inch or drawn into wire 0.004 inch in 
diameter. Most aluminum alloy sheet stock 
used in aircraft construction ranges from 0.016 
to 0.096 inch in thicknesjs; however, some of 
the larger aircraft use ^heet stock which may 
be as thick as 0.356 inch. 

One disadvantage of aluminum alloy is the 
difficulty of making reliable soldered joints. 
Oxidation of the surface of the heated metal 
prevents soft solder from adhering to the mat- 
erial; therefore, to produce good joints of alumi- 
num alloy, a riveting process is used. Some 
aluminum alloys are also successfully welded. 

■ 4 

The various types of aluminum may be 
divided into two classes - CASTING ALLOYS 
(those suitable for casting in sand, permanent 
mold, and die castings) and the WROUGHT 
ALLOYS . (those which may be shaped by rolling, 
drawing, or forging). Of the two, the wrought 
alloys are the most widely used in aircraft 



Aluminum-99.00 percent minimum 

and greater lxxx 

Aluminum alloys, grouped by major 
alloying element: 

Copper. . . 2xxx 

•Manganese 3xxx 

Silicon i 4xxx 

Magnesium 5xxx 

Magnesium and silicon 6xxx 

Zinc „ . 7xxx 

Other^ elements 3xxx 



Figure 1-2 - Designations for aluminum 
alloy groups 

In the lxxx group, the second digit in the 
designation indicates modifications in impurity 
limits, [f the second digit is zero, it indicates that 
there is no special control on individual impuri- 
ties. The last two of the four digits indicate the 
minimum aluminum percentage. Thus, alloy 1030 
indicates 99.30 percent aluminum without special 
control on impurities. Alloys 1130, 1230, 1330 
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Alloys 1130, 1230, 1330, etc., indicate the same 
aluminum purity with special control on one 
or more Impurities. Likewise, 1075, 1175, 
1275, etc.,' indicate 99.75 percent aluminum. 

In the 2xxx through 8xxx groups, the second 
digit indicates alloy modifications. If the second - 
digit in the designation is zero, it indicates 
the original alloy, while numbers 1 through 
9, assigned consecutively, indicate alloy mod- 
ifications. The last two of the four digits have 
no special significance, but serve only to iden- 
tify the different alloys in the group. 

The temper designation follows the alloy 
designation and shows the actual condition of 
the metal. It is always separated from the alloy 
. designation by a dash, as shown in figure 1-3. 

The letter "F M following the alloy designation 
indicates the "as fabricated" condition, in which 
no effort has been made to control the mech- 
anical properties of the metal. 

The letter "O" indicates dead soft, or 
annealed, condition. 

The letter "W M indicates solution heat 
treated. Solution heat treatment consists of 
heating the motal to a high temperature followed 
by a rapid quench in cold water. This is an 
unstable temper, applicable only to those alloys 
which spontaneously age at room temperature. 
Alloy 7075 may be ordered in the "W" condition. 

* The letter <J H M indicates* strain hardened; 
that is, cold-worked, hand -drawn, or rolJed. 
Additional digits are added to the "H" to indicate 
the degree of strain hardening. (See figure 
v 1-3.) Alloys in this group cannot be strength- 
ened by heat treatment; hence, the term "non- 
heat treatable. " 

The letter "T" indicates fully heat treated. 
Digits ire added to the "T" to indicate certain 
variations in treatment. 

Greater strength is obtainable in the heat- 
treatable alloys. Therefore, they are used for 
structural 'purposes in aircraft in preference 
to the nonheat-treatable alloys. Heat-treatable 
alloys commonly used in aircraft construction 
(in order of increasing strength) are 6061, 
6062, 6062f, 2017, 2024, 7075, and 7178. 



Alloys 6061, 6062, and 6063 are sometimes 
used for oxygen and hydraulic lines and in 
some application as extrusions and sheet metal. 

Alloy 2017 is used for riyets, stressed- 
skin covering, and other structural members. 

Alloy 2024 is used for airfoil covering and 
fittings. It may be used wherever 2017 is 
specified, since it is stronger. 

Alloy 2014 is used for extruded shapes and 
forgings. This alloy is similar to 2017 and 
2024 in that it contains a high percentage of 
copper. It is used where more strength is 
required than that obtainable from 2017 or 
2024. 

Alloy .7178 is used where highest strength 
is necessary. Alloy 7178 contains a small 
amount of chromium as a stabilizing agent as 
does alloy 7075. 

Nonheat-treatable alloys used in aircraft 
construction are 1100, 3003, and 5052. These 
alloys do not respond to any ' heat treatment 
other . than a softening, annealing effect. They 
may be hardened only by cold-working. 

Alloy 1100 is used where strength is not 
an important factor but where weight," economy, 
and corrosion resistance are desirable. This 
alloy is used for fuel tanks, fairings, oil tanks, 
and for the repair of wingtips and tanks. 

Alloy 3003 is similar to 1100 and is ^nerally 
used for the same purposes. It contains a 
small percentage of manganese and is stronger 
and harder than 1100, but retains enough work 
ability that it is usually preferred over 1100 
in most applications. 

Alloy 5052 is used for fuel lines, hydraulic 
lines,' fuel tanks, and wingtips. r Substantially 
higher strengths without too much sacrifice of 
workability can be obtained in 5052. It is 
therefore preferred over 1100 and 3003 in many 
applications. Figure 1-4 shows the nominal 
chemical compositions for the wrought alloys. 

Alclad is the name given to standard alumi- 
num alloys which have been coated on both 
sides with a thin layer of pure aluminum. Alclad 
has very good corrosion- res is ting qualities and 
is used exclusively for exterior surfaces of 



1-5 



Designation 


Condition indicated 


Example 


- -F. . . 


As fabricated . 


3003-F 






-0 




6061-O 


-W 


* 

] 


Unstable following solution heat 
treatment. J> , 




/ 
/ • 

f 


7075-W 


-n 












-HI, 

plus one or more digits. 




QAA*J til O 


-H2, 

plus one or mote digits. 


Strain h&rrlpnerl anrf thpn nartiallv nnn^alpri 

ww* Mil IM1 UCI1CU All LI UiCIl |>A1 VUUAjf (UU]C(UCU< 


u vjvj j*" n^i ti 


-H3, 

plus one or more digits. 


Strain hardened and then stabilized 


5052- H36 


-T , 












-T3 


Solution heat treated and then cold worked. 


2024-T3 


-T4 






2024-T4 






-T5 . ..;/..... 




6063- T5 


-T6 


1 


Gfk1ll + J rtW La n i A wnn nni4 iL nn _ ft *%t nils* 

solution neat treated ana then artuiciaiiy 
aged. : 


7070-TD 




/' 


-T7 




Solution heat treated and then stabilized to 


#U #0-T7 






control growth and distortion. 


-T8 




lift on hoot 1 1"0 n tori /%r\\ri m o t* Ir a H o r» /■! than 
ouiuiiuit ileal LicaLCU| CUlu WUiK6Q| aHQ Idcil 

artificially aged. 






-T9 


* 

Solution heat treated, artificially aged, and 
then cold worked. 


6061 -T91 






Artificially aged and then cold worked. 


2014-T10 





NOTE: The -T designations above may have one or more digits added to denote certain variations of 
the basic heat treatments described. 



Figure 1-3 - Temper designations for aluminum alloys 
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sr 



Allov 



3003 

2014* 

2017 

21 17, 

2024 

5052 

5056 

6061 

6062 

6063 

7075 

71^8 



Alloying elements in percent. Aluminum and normal 
impurities constitute remainder. 



Silicon 



0.6 
0.8 
0.8 

0.5 
0.45 

0.6 
0.6 
0,4 
0.5 ' 



Copper 



0.2 
4.5 
4.0 
2.5 
4.5 
0.1 

0.25 

0.25 

0.1 

1.6 

2.0 



Manganese 



1.2 

0.8 
0.5 

0.6 

0.1 

0.1 

0.15 

0.15 

0,1 

0,3 

0.3 



Magnesium 



0.4 
0.5 
0.3 
1.5 
2.5 
5.2 
1.0 
1.0 
0.7 
2.5 
2.7 



Cliromiu m 



0.1 
0.1 

0,1 

0,25 

0.1 

0,25 

0,06 

0,1 

0,3 

0.3 



Zinc 



0,1 

0.25 

0,25 

0,25 
0,1 

0.25 
0,25 
0.25 

5.6 
6.8 . 



figure 1-4 - Chemical composition of aluminum alloys 



aircraft. Alclad sheet is available in all tempers 
of 2014, 2017, 7075, and 7178. 

CASTING ALLOYS. - Aluminum casting 
alloys, like wrought alloys, are divided into two 
groups. In one, the physical properties of 
the alloys are determined by the elements added 
and cannot be changed after the metal is cast. 
In the other, the elements added make it possible 
to heat treat the casting to produce desired 
physical properties. 

The casting alloys are identified by a letter 
preceding the alloy number. This is exactly 
opposite from the case of wrought alloys in 
which the letters follow the number. When 
a letter precedes a number, the letter indicates 
a slignt variation in the composition of the 
original alloy. This variation in composition 
is made simply to impart some desirable quality. 
In casting alloy 214, for example, the addition 
of zinc, to increase its pouring qualities, is 
designated by the letter "A" in front of the 
number, thus creating the designation A214. 

When castings have been heat treated, the 
heat treatment and the*composition of the casting 
are indicated by the letter \'T M and an alloying 
number. An example of this is the sand casting 
alloy 355, which has several different com- 
positions and tempers and is designated by 
355-T6, 355-T51, and A355-T51. 



Aluminum alloy castings are produced by 
one of three basic methods - sand mold, per- 
manent mold, and die cast. In casting aluminum, 
you must remember that in most cases different 
types of alloys must be used for different typea 
_ oL .eastings, ...;.__^nd_cas_tin^_and die, castings 
require different types than' those" used 'Tn~T5er=~ 
manent molds. 

SHOP CHARACTERISTICS OF ALUMINUM 
ALLOYS. - Aluminum is one of the most readily 
workable of all the common commercial metals. 
It can be fabricated readily into a variety of 
shapes by any conventional method; however, 
formability varies a great deal with the alloy 
and temper. 

■ In gener^f, the aircraft manufacturers form 
the heat-treatable alloys in the -0 or -T4 condi- 
tion before they have reached their full strength. 
They are subsequently heat treated or aged to 
the maximum strength (-T6) condition before 
installation in aircraft. By this combination 
of processes, the advantage of forming in a 
soft condition is obtained without sacrificing 
the maximum obtainable strength/weight ratio. 

Aluminum is one of the most readilyweldable 
of all metals. The nonKeat-treatable alloys 
can be welded by all methods, and the heat- 
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treatable alloys, can be successfully spot welded. 
The melting point for pure aluminum is 1,22(FF, 
while various aluminum alloys melt at slightly 
lower temperatures. Aluminum products do not 
show any color changes on being heated, even 
up to the melting point. Riveting is the most 
reliable method of joining stress-carrying parts 
of heat treated aluminum alloy structures. 

Titanium and Titanium Alloys 

Titanium and titanium alloys are used chiefly 
for parts which require good corrosion resist- 
ance, moderate strength up to 60(fF, and light 
weight. 

TYPES, CHARACTERISTICS, AND USES. - 
Titanium alloys are being used in quantity for 
jet engine compressor wheels, compressor 
blades, spacer rings, housing compartments, and 
airframe parts such as engine pads, ducting, 
wing surfaces, firewalls, fuselage skin adjacent 
to the engine outlet, and armor plate. 

In view of titanium's high melting tempera- 
ture, approximately 3, 300* F, its high-tempera- 
ture properties are disappointing. The ultimate 
and yield strengths of titanium drop 'fast above 
800*F. In applications where the declines might 
be tolera ted, the absorption of oxygen and nitro- 
gen from the aTFaT temperatures above~ly000^FS- 
makes the metal so brittle on long exposure 
that it soon becomes worthless. Titanium has 
some merit for short-time exposure up to 
2,C0(fF where strength is not important, as 
in aircraft firewalls. 

Sharp toolp are essential in machining tech- 
niques as titanium has a tendency, to resist or 
back away from the cutting edge of tools. It 
is readily welded, but the tendency of the metal 
to absorb oxygen, nitrogen, and hydrogen must 
never be ignored. Machine welding with an inert 
gas atjnosphere h^s proven most successful. 

Both commercially pure and alloy titanium 
can absorb laxge amounts of cold-work without 
cracking. Practically anything that can be 
deep drawn in low-carbon steel can be duplicated 
in commercially pure titanium, although the 
titanium may require more intermediate anneals. 

IDENTIFICATION OF TITANIUM. - Titanium 
metal, pure or alloyed, is easily identified. 
When touched with a grinding wheel, titanium 



makes white /spark traces which end in brilliant t 
white bursts. When rubbed with a piece of t 
glass, moistened titanium will leave a /dark 
line similar in appearance to a pencil mark. 

Copper and Copper Alloys * " 

Most commercial copper is refined tb a 
purity of 99.9 percent minimum 'fcopper plus 
silver. It is the only reddish colored metal 
and is second only to silver in electrical con- 
ductivity. Its use as a structural material is 
limited because of its great weight. However, 
some of its outstanding characteristics, such 
as its high electrical and heajt conductivity, in 
many cases overbalance the weight factor. 

Because it is very malleable and d&ctile, 
copper is ideal for making wire. In aircraft, 
copper is used primarily for the electrical 
system and for instrument tubing and bonding. 
It is corroded by salt water but is not affected 
by fresh water. The ultimate tensile strength 
of copper varies greatly. For cast copper, 
the tensile strength is about 25,000 psi. When 
cold-rolled or cold-drawn, copper's tensile 
strength increases, • ranging from 40,0Q0 to 
67,000 psi. 

BRA SS. Bra^ s/is_a_cQ ppe r al loy _cqntai ning 

zinc and small .amounts of aluminum, iron, 
3 ead , jnanganese , magnes ium , nickel , phosphorous , 
and tin. Bras3 with a zinc content of 30 to 
35 percent is very ductile while that containing 
45 percent has relatively high strength. MCJNTZ 
METAL is a brass composed of 60 percent 
oopper and 40 percent * zinc. It has excelient 
corrosion- resistant qualities when in contact 
with salt water. Its strength can be increased 
by heat treatment. As cast/ this metal has an 
ultimate tensile strength of 50,000 psi and can 
be elongated 18 percent. It is used in making 
bolts and nuts, as well as parts that come in 
contact with salt water. JRED BRASS, some- 
times termed bronze becausjsLof its tin content, 
is used in fuel' and dil line fittings. This metal 
has good casting and finishing properties and 
machines finely, * * ' 

BRONZES. - Bronzes are copper alloys 
containing tin. The true bronzes have up to 
25 percent tin, but those below 11 percent are 
most useful, especially for such items as tube 
fittings in aircraft. 



Among the copper alloys are the copper 
aluminum alloys, of which the aluminum bronzes 
rank very 'high in aircraft usage. They would 
find greater usefulness in structures if it were 
not for their strength/weight ratio as compared, 
with alloy steels. Wrought aluminum bronzes 
are almost as strong and ductile as medium- 
carbon steel and possess a high degree of 
resistance to corrosion by air, salt water, and 
chemicals. They are readily forged, hot- or 
cold-rolled, and many react to heat treatment. 

These copper-b^se alloys contain yp to 
16 percent of aluminum (usually 5 to 11-percent) 
to which other metals such asr^frenr-'nickel, 
or manganese may be added. Aluminum bronzes 
have good tearing qualities^ great strength, hard- 
ness, and resistance to both shock and fatigue. 
Because of these properties, they are used 
for diaphragms an*i gears, air pumps, condenser 
bolts, and slide liners. Aluminum bronzes 
are available in rods, bars, plates, sheets, 
strips, and forgings. 

Cast aluminum bronzes, using about 89 
percent copper, 9 percent aluminum, and 2 
percent of other elements, have high strength 
combined with ductility, and are resistant to 
corrosion, shock, and fatigue. Because of these 
properties, cast aluminum bronze is used in 
gun mounts, bearings, and pump parts. These 
alloys are useful in areas exposed to salt water 
«nd-Gor>TOsise_gftses,___ 



Manganese bronze is an exceptionally high- 
strength, tough, corrosion-resistant copper zinc 
4lloy containing aluminum, mangunese, iron, 
and occasionally nickel or tin. This metal 
can be formed, extruded, drawn, or rolled to 
any desired shape. In rod form, it is generally 
used for machined parts. Otherwise, it is used 
in catapults, landing gears, and brackets. 

Silicon bronze is composed of about 95 
percent copper, 3 percent silicon, and 2 percent 
manganese, ^fcmc, iron, tin, and aluminum. Al- 
though not a bronze in the true sense of the 
word because of\its small tin content, silicon 
bronze has high sh^ngth and great corrosion 
resistance and is usedN^ariably. 

\ 

BERYLLIUM COPPER^- Beryllium copper 
is one of the most successM of all the copper- 
base alloys. It is a recentlyvdeveloped alloy 
containing about 97 percent copRer, 2 percent 



beryllium, and sufficient nickel to increase the 
percentage of elongation. The most valuable 
feature of this metal is that the physical pro- 
perties can be greatly stepped up by heat treat- 
ment -the tensile strength rising from 70,000 
psi in the annealed state to 200,000 psi in the 
heat-treated state. The resistance of beryllium 
copper to fatigue and wear makes it suitable 
for diaphrams, precision bearings and bushings, 
ball cages, springwashers, and nonsparking tools. 

Monel 

Monel, the leading high-nickel alloy, com- 
bines the properties of high strength and ex- 
cellent corrosion resistance. This metal con- 
sists of 67 percent nickel, 30 percent copper, 
1.4 percent iron, 1 percent manganese, and 
0.15 percent carbon. It cannot be hardened by 
heat treatment-responding only to cold-working. 

Monel, adaptable to castings and hot- or 
cold-working, can be successfully welded and 
has working properties similar to those of 
steel. It has a tensile strength of 65,000 psi 
which, by means of cold-working, may be in- 
creased to 160,000 psi, thus entitling this metal' 
to classification among the tough alloys. Monel 
has been successfully used for gears and chains, 
for operating retractable landing gears, and 
for structural parts subject to corrosion. In 
aircraft, monel has long been used for parts 
demanding both strength and high resistance 
— to- corrosion, _an-3h _as_exhMst_ manifolds and 
. carburetor needle valves and sleeves. 

K-Monel 

K-monel is a nonferrous a\loy containing 
mainly nickel, copper, and aluminum. It is. 
produced by adding a small amount of aluminum 
to the monel formula. It is corrosion resistant 
and capable of hardening by heat treatment. 
K-monel has been successfully used for gears, 
chains, and structural members in aircraft which 
are subjected to corrosive attacks. This alloy 
is nonmagnetic at all temperatures. K-monel 
can be successfully welded. 

Magnesium and Magnesium Alloys 

Magnesium, the world's lightest structural 
metal, is a silvery-white material weighing 
only two-thirds as much as aluminum. Mag- 
nesium does not possess sufficient strength in 
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ittf pure state for structural uses; but wfcen 
alloyed with zinc, aluminum/ and * manganese, 
magnesium produces an alloy having the highest 
strength/weight ratio, 

TYPES, CHARACTERISTICS, AND USES. - 
Magnesium is probably . more widely distributed 
in nature than any other metal. It can be 
obtained from such ores as dolomite and mag- 
nesite, from underground brines, from waste 
liquors of potash, and from sea water. With 
about 10 million pounds of magnesium in 1 
cubic mile of sea water, there is no danger 
of a dwindling supply. 

The machining characteristics of magnesium 
alloys are excellent. Usually the maximum 
speeds of machine tools can be used with heavy 
cuts and high feed rates. . Power requirements 
" for magnesium alloys are* about one -sixth of 
those for mild 1 steel. ,An excellent surface 
finish can be produced, and in mok cases 
grinding is not essential. Standard machine 
operations can be performed to tolerances of a 
few 'ten-thousandths of an inch. There is no 
tendency of the metal to tear or drag. 

Magnesium alloy sheets can be worked in 
mueh the same manner as other sheet metal 
with one exception-the metal must be worked 
while hot. The structure 6f magnesium is such 
that the alloys work- harden rapidly ai room 
temperatures. ' " The wprk is usually done at 
temperature. 4 ? ranging from t 45(T to 65CTF, which 
is a c.isadvantage. However, in the ranges used, 
magnesium is more easily formed than other 
materials. Sheets can be sheared in much the 
same way as other metals, except that a rough 
flaky fracture is produced on> sheets thicker 
than about 0.064 inch. A better edge will result 
on a sheet over 0.064 inch "thick if it is sheared 
hot. 

Magnesium embodies fire hazards of an 
unpredictable ' nature. When in large sections, 
its high thermal conductivity makes it difficult 
tp ignite, and prevents its burning. It will 
not burn until the melting point is reached, 
which is approximately 1,20(TF. However, mag- 
nesium dust and fine chifcs are ignited easily. 
Precautions must be taken to avoid this if 
possible and to extingush them immediately. An 
extinguishing powder, such as powdered soap- 
stone, clean, dry, unrusted cast iron chips, or 
graphite powder, should be used. * 



CAUTION: Water or any standard liquid 
or foam extinguisher Causes magnesium to burn 
more Jrapidly and rna^, cause small explosions. 

S^UBSTITUTION^AND . « 
INTERCHANGE ABILITY 
OF AiRCRAJFT -METALS 



In selecting interchangeable* or substitute 
materials for the repair and maintenance of 
Coast Guard aircraft, it is of the utmost impor- 
tance to check the appropriate aeronautic tech- 
nical publications when specified materials are 
• not in stock nor obtainable from another source. 
It is impossible to determine .that another mat- 
erial is as strong as th,e original by mere- 
observation. There are four requirements that 
.you must keeft N clearly in mind in this selection. 
The first and most:* importsuit of these is -main- 
taining the original strength of the structure. 
The other three are maintaining contour or 
aerodynamic smoothness, maintaining original 
weight impossible or keeping added* weight to 
a minimum, and maintaining the original cor- 
rosive-resistance properties of the met^l. * ' 

You can appreciate the importance of checking 
the specific technical publication by understanding 
that different manufacturers design structural 
members to meet various load requirements 
for specific aircraft. Structural repair of these 
members, apparently similar in construction, 
will thus ' vary in fheir load carrying design 
with different aircraft. 

The contractor normally prepares structural 
repair instructions, including tables* of inter- 
changeability and. substitution for ferrous and 
nonferroug metals and theit specifications for 
all types of aircraft used py the Coast Guard. 
Such instructions are usually promulgated in 
the -3 manual -covering structural repair in- 
structions -for specific model of aircraft, Simi- 
lar information is also contained in T.O. 1-1A-1, 

General Manual for Structural Repair. 

i 9 

T.O. 1-1A-1, section 1 III, table IV, presents 
the substitution and conversion information for 
aluminum alloy sheet metal. '.In section IV, 
table jy t steel specifications are given; table V, 
in section IV, covers aluminum specifications. 

i 

T.O. 1-1A-9, Aerospace Metals-General Data 
and Usage Factors, provides precise data on 

i 
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specific metals to assist in selection, usage, 
and processing for' fabrication and repair.* 

Always conault these publications and the 
-3 aircraft manual for the specific-type air- 
craft when you are confronted with a problem 



concerning maintenance and repair involving 
substitution and interchangeability of aircraft 
structural metals. BE SURE« YOU HAVE THE 
AERONAUTIC TECHNICAL PUBLICATION OF 
THE MOST RECENT ISSUE. 



/ 
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LESSON QUIZ 



Directions: Cover ^ the 



e^jjpswers to the questiqns with the- enclosed 
Answer I<5y Mask. Carefully answer the questions; 
then remove the mask 'to check with the printed answer. 
If you answered any questions incorrectly, refer to 
the text material. «, •* 



, Questions 

1. In a ferrous metal, what is the principal 
alloying element? 

2. How much carbon does SAE No. 4150 steel 
contain? 

3. In a metal spark test, long straight spark 
shafts having a few white sprigs identify the 
metal as . 

4. SteeL containing; 0.50 to 1.05 percent carbon 
is classed as . . carbon steel. 

5. A steel especially adaptable for welding and 
for use as engine mounts is steal. 



6. Aluminum alloys are more sijsceptible to 
corrosion when alloyed with substantial per- 
centages oft 

« 

7. The letter "H*' following an aluminum alloy 
designation number indicates the alloy; has been 



8. Aluminum alloys' which can be hardened 
ONLY by cold-working are.; 



4- I 



9. For short-time exposures up to 2,000 degrees 
F. -where strength is NOT required, firewalls 
may be made of . j 



10. K-monel is produced by adding 

to the monel formuli. 

11. You should\^OT use water or standard 
liquid or foam fire extinguishers on magnesium 
fires because ; . . 



Answers^ 

1. Iron (Page 1-1) 

2. 0.50 percent (Page 1-2) 

3. low-carbon steel ^ 

XPage 1-2) 



11. 



12. When you arp conceded with substituting* ^2 t 
or interchanging materials for : an aircraft re- 
pair, you can find precise data on specific metals 
in 



4. high (Page 1-2) 

5. , chrome-molybdenum 

(Page 1-3) 



.6. copper (Page 1-4) 
7. strain hardened (Page 1-5) 
- S. 1100,3003, 5052 (Page 1-5) 



9. titanium (£age 1-8)' 



10. aluminum (Page 1-9) 



they cause magnesium to burn 
more rapidly and may cause 
small explosions (Page 1-10) 

T.0.1-1A-9 ..(Page 1-11) 
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AIRCRAFT STRUCTURAL HARDWARE ' 



OBJECTIVES 
When you complete this section, you will be able to: 

1. .Explain. the meaning of -the various components of a Hvet identification 
code. 

2 State the" types of rivet materials and 'how the materials are identified, 
' J ' ft % 

3. Describe solid rivet instalrfticy and removal procedures. 

4. State the types of blind ftvets and explain the installation and removal 
procedures for the various types. 

5. State the tools necessary for the installation of Rivnuts. 

6. Describe the var.ious ^special fasteners available for aircraft structural 
work. 



An aircraft, even though made of the b^st 
materials and strongest parts, would be uselesrs 
unless those % parts were firmly held together. 
Several method* are used toxoid metal parts 
together; they^ include riveting, bolting, and 
welding. The process that is used must produce 
a union that will be as strong as, or stronger 
than, the parts that are joined. In this pam- 11 
phlet we will discuss rivets and special fasteners. 
Welding will be discussed in another pamphlet. 

RIVETS 

Every AM should be a ^killed riveter. The 
fact that there are hundreds of thousands of 
rivets in the airframe of some of our late model . 
aircraft is an indication of how important riv- 
eting- is in the work of the AM- A glance fit 
any aircraft will disclose the* thousands of 
rivets in the outer , skin alone. In addition 
to the riveted skin, rivets are also used /or 
joining spar sections; for holding rib sections 
in place, for securing fittings to various parts 
of the aircraft, and for fastening innumerable 
bracing members and other parts together. Riv- 
ets that age satisfactory for one , part of .the 
aircraft are often unsatisfactory for another 
part. It is therefore importarft that the AM 
know the strength and driving properties of the 
various types of rivets and how to identify them 
as well as how to drive or otherwise install them. 



SOLID REVETS 

Solid rivets are classified by their head 
shape, t>y the material from which they are 
manufactured, an* by ' their size. Rivet head 
shapes and nheir identifying code numbers are 
shown in figure 2-1. The prefix "MS'* identifies 
hardware under 'the cognizance* of the Depart- 
ment of Defense, and the item conforms to 
written, military standards. The prefix "AN" 
identifies specifications which are developed and,, 
issued under joint authority of the Air Force - 
Navy. „ 
Countersunk-head Rivets 

Countersunk-head rivets, Often referred to 
as FLUSH RIVETS, are used wherfe stream- 
lining is important. On modern high speed 
aircraft, practically 'all external surfaces are 
flush riveted. Countersunk-head rivets are 
obtainable with heads having an included angte 
of 78 and 100 degrees. The 100-degree is the N 
most commonly used type. 

" - / 

Universal -he ad Rivets 
« 

> Universal-head rivets offer only slight re\ 
sistance to airflow and are, therefore, frequently 
used on external surfaced, especially on heli- 
copters, transports, and other low-speed air-, 
craft where aerodynamic smoothness is not; of 
prime importance. 

- • ^ 
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Rivet Identfication Code 

The rivet codes shown in figure 2^-1 are 
sufficient tg identify rivets only, as to head, 
shape. To be meaningful and precisely identify 
a rivet, certain other information is encoded 
and added to the basic code. 

A' letter or letters following the head- 
shape code identify the material or alloy from 
which the rivet was made. (Figure 2-3 includes 
a listing of the, most common of these codes.) 
The alloy code is followed by two numbers 
separated by a dash. The first number is the 
numerator of a .fraction which specifies the 
shank diameter in thirty-seconds of* an inch. 
The second number is the numerator of a 
fraction in sixteenths of an inch and identifies 

. the length of the rivet. The rivet code is 

^illustrated in figure 2-2. 

Rivet Composition 

Most of the rivets used in aircraft con- 
struction are made of aluminum alloy. A few 
types, used for special purposes, "are mdde of 
mild steel, monel, titanium, and copper. Of 
the aiunjinum alloy rivets, those made of 1100, 
2117, 2017, 2024, and 5056 are considered stan- 
dard. 

Alloy 1100 Rivets 

Alloy 1100 rivets are supplied mthe "as fab- 
ricated" (F) temper and are driven in this * 




AN 470 
MS 20470 
UNIVERSAL 

i 



AN 426 ' 
MS20426 
COUNTERSUNK 



• Figure 2-1-Rivet head shapes and 5t|de numbers 



M> 20 426 AD 5 - • 



T 



Length in sixteenths (l/l6ths 
-of an inch). 

Diameter m thirty-seconds (5/32nds 
-of an inch). . 

•Material or alloy (2117-14). 

-fie ad shape (countersink). 



-Specification (Military 
Standard) . 



condition. No further treatment is acquired 
and the rivet properties do not change w* 
prolonged periods of storage, . They are re 
tively soft and easy to drive. The cold wor* 
resulting from driving increases their strength 
slightly. The 1100-F rivets are used only for 
riveting nonstructural parts^ These rivets are 
identified by their plain head. (See figure 2-3.) 

Alloy 2117 Rivets 

' Like the 1100-F rivets, alloy 3117 rivets 
' need no further treatment when received from 
' the manufacturer, and can be stored indefinitely. 
They are furnished in the solutioji-heat-treated 
(T4) temper, but will change to the solution- 
heat-treated-aiid-cold-wdrked (T3) temper after 
driving. The 2117«-T4 rivet is in general use 
throughout aircraft structures and is by far 
the most widely used rivet, especially in repair 
wotk. In most cases the 2117-T4 rivet may be- 
substituted' for 20U-T4 and 2024-T4 rivets for 
repair work by using the next larger diameter 
of rivet. This is desirable sipce both the 
2017-T4 and 2024-T4 rivets must be heat treated • 
prior to using, or kept In col,d storage. The 
2117-f 4 rivets are identified by a dimple in t 
the head. 

Alloy 2017 and 2024 Rivets 

As mentioned in the preceding paragraj ) 
both alloy 2017 and 2024 rivets are supplied a* 
the T4 temper and must be heat treated. These 
rivets must be driven within '20 minutes after 
quenching or refrigerated at 32* F or lower* 
which will delay the aging time 24 hours. If 
either time is exceeded, reheat treatment is 
required. These rivets may be reheated as 
many times as desirable provided the proper , 
solution heat -treatment temperature is not ex- ^ 
ceeded. The 2024-T4 rivets are stronger than 
the 1201 7-T4* and are therefore harder to drive. 
The 2017-T4 rivet is identified by the raised 
teat on the hepd, while the 2024-T4 has two 
raised dashes on the head. 

Alloy 50J>6 Rivets " A 



Figure 2-2 



Rivet coding example 



Alloy 5056 rivets are used primarily foi^ 
joining magnesium alloy structures because of 
their corrosion resistant qualities when used with 
magnesium. They are supplied in the H$2 temper 
(straia-hardened and then stablized). ' These 
rivets are identified by a raised cross on the 
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Material or 
alloy 


Code letters 


Head msrklnf 

on rivet 


4 


noo-r 
" " am*™"* ~ 


A 

AD * — " 


S PUin ; Q * 

Indented , /T\ 
dimple 


<m 


- 2017-T4 


D 


Raised (q^ 
teat w 




2024-T4 


nn 


^double ^9 
dash 




5056-H32 


B 


, Raised . " 
cross ^ 



FJgure 2-3 - Rivet material identification 



, head. 5056-H32 rivets may be stored indefinitely 
^ .with no change in driving characteristics, 

. * 

RIVET'DRIVING PROCEDURE ► 



Before dritfng any rivets, make sure all 
holes line up, perfectly, all shavings and burrs 
have ,beea removed, and the parts to be riveted 
are -fastened Securely together. It is. important 
that you hold the sheets firmly together ttTthe 
immediate afea of the rivet being driven. 

To adjust the speed of th* gun, place it 
against 'a blocft of wood. Never operate a rivet 
gun without resistance against \he set, as the 
vibrating action may cause the retaining spring 
to break, allowing the set to tyy out. 

% f> 

CAUTION: A rivet set c&i be a deadly 
weapon. . If a rivet set is placed in a rivet gun 
without a set "retainer and the throttle of the 
gun is*»opened f .the rivet set may be projected* 
like a bullet. t This may cause either severe 
injury to a person or the destruction of equip- 
ment. ' # 

The gdn should be adjusted so that the rivet 
" may be driven in the shortest possible time, 
tyjt tfie^riveter must take care not to drive the 
rivet Jko hard or in such a manner as to dimple 
the metal. Practice will enable one to properly 
adjust a gun for any type of work. 



* When*the rivet has been pushed into proper 
positid^as^ held there firmly with the set of 
the rivet £m resting squarely against the -rivet 
hlad, the bucking bar is held firmly and squarely 
against' the protruding riwt shank. (In most- 
instances, the bucking bar must be manipulated 
by another man, called the bucker.) The gunner* 
then exerts pressure on the trigger and starts 
driving. The gun must be held tightly against 
the rivet head and must qpt be removed until 
the trigger'has been released. . 

The bucker removes the backing bar and 
checks the upset head after the gunher has 
stopped driving. A signal , system fs usually 
employed' to develop the necessary teamwork 
and consists of tapping ligntly against the woyk. 
One tap may mean "not fully driven, hit it 
again"; tw2> taps may mean "good rivet"; 
three taps iftay mean "bad rivet, remove and 
drive another'*; and so on. 



± 

• it 



1 r* 



^Figure 2-4 - Rivet dimensions before and after 
■ bucking 

The upset head, often referred to as the 
bucktail, should be 1 1/2 times the* original 
' diameter of the original shank in width -and 1/2 
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times the original diameter in height as shown in 
figure 2-4. If the head thus formed is narrower- 
and higher than the dimensions given, more 
driving is necessary. If the head is wider .and 
shallower, the rivet must be removed and 
replaced. • •-• ■ — 



RIVET REMOVAL 



Rivets must be removed and replaced if 
they show even the slightest deformity or lack\ 
of alignment. Among thef reasons for replacing 
rivets are the following: 

1. Rivet marred by bucking bar or rfvet , 
set. 

2. Rivet driven at slant, or shank 'bent 
over. ' 4 

3. Rivet too short, causing head to be 
shallow. 

4. Rivet pancaked too flat from overdriving. 
5 # Sheets spread apart and rivet flashed 

between sheets. 

6. Rivet driven too lightly, causing sheets 
to buckle. ' ' * 

7. v Two rivet heads not in alignment. ' 

8. Head of countersunk rivet not flush 
with outside surfape or driven below . 
surface. . ~ 



When removing rivets, you should take care 
not to enlarge the rivet hole, as this would 
necessitate the use of a larger size - rivet for 
replacement. To remove a rivet, file a flat sur- 
face on the manufactured head if accessible. It is 
always preferable to work on the manufactured 
head rather than on the one that is bucked, 'since 
the former will' always £e more symmetrical 
about the shank. Indent 0 the center of the filed 
surface with a center pj^inch antf use a -drill of 
slightly less than shank diameter to drill through 
the rivet head., Remove the drill and, with the 
.other rivet end supported, shear the head off with 
a sharp chisel. Always cut along' the direction>of 
the plate edge. If the shank is unduly tight after 
the removal of the head, the shank should be 
* drilled, out. However, if the sheet is firmly 
supported from the opposite side, the shank may 
be punched out with a drift punch. (See figure 2- 6). 



Examples' of these incorrectly driven rivets -are 
shown in figure 2-5. 



The removal of flush rivets requires slightly 
more skill. If the formed' head on the interior 
is accessible and has beten formed over heavy 
material such as an extruded member,. the formed 
1 head can be drilled through and sheared off, 
as mentioned 'abqve. If the material 0 is thin, 
it may be necegsary to drill completely through 
the. shank of the rivet and then otft the formed 
• he%0 with diagpndl cutting pliers. The remain- 
„ cjer of the rivet may then be drifted out from> 
the inside. 
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Figure 2-5 - Incorrectly driven rivets. 



, % There are many places on an aircraftwhere 
access to both sides of a" riveted structural 
part is impossible, or where limited space 
does not p'ermit the use of a bucking bar/ 
'Furthermore, in the attachment of many non- 
structural parts, such as aircraft interior fur- 
nishings, flooring, deicing boots, flotation equip- 
ment, and the like, the full strength of solid 
shank rivets is not necessary and their^applica- 
tion whould add Qxtra weight to *the aircraft 
The extra weight would reduce the payload. 

4 

For u§e in such places, rivets have been <^ 
designed which can be formed front the out- 
side. Theyjare lighter fhan solid shapk rivets, . 
yet amply strong. These rivets aite manu- 
factured by various corporations and have charac- 
teristic peculiarities. One of the chtef 'dif- 
ferences is they require special installation 
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tools. 



Rivets in this categ6ry are commonly 
Jb as BLI? 
ing feature. 

Self-Plugging Rivpt (f rictibn lock) 



referred as BLIND RIVETS because of the 
-heading 



self 



The self-plugging rivet (friction lock)* re- 
tains the stem in position by friction. The stem 
is drawn up into the rivet shank and the man- 
drel portion of the stem upset* the shank on 
the blind side, ferming.a plug in the h<511ow / center 
of the rivet. The excess portion of4he stem 
breaks off at a groove due to the continued 
pulling action of the rivet gun or tool.. The 
two styles of rivet, heads are the universal and 
the 10(>-degre£. countersunk. These correspond 
to the MS20470 and MS20426 solid rivets , re- 
spectively. Materials used are 2117-T4 and 
5056-F aluminum alloys, and monel for special', 
application. The' shank, diameter andjjrip lengths 
are designated by dash numbers after the basic 
number. - The first dash number indicates the 
shank diameter in thirty-seconds of an ipch 
and the second number indicates the grip length 
in sixteenths of <tui inch.' The material code 
is the same as for solid rivets. 

Pull- Through Rivets 

> 

< Pull-through rivets are essentially the same 
as the self-plugging rivets, except that when the 
mandrel pulls' on the stem, the stem forms the 
bead O on the rivet shank, then pulls all the way 1 
through the shank, .leaving a hole in the rivet. 

The same installation tools are^used for 
the self-plugging (friction lock) and pull-through 
rivets. Figure 2-8 showg~the self-plugging 
(J and pull-through rivet types with basic numbers. 
Figure ,2-7 illustrates the installation of both 
types of rivets. 

Self-Plugging Rivets (mechanica? lock) 

Figure 2-7 illustrates a blind rivet that 
operates on the s&ne pfinciple a£ the friction 
lock ritfets. Both types employ a mandrel stem 
and a* hollow shank. The main difference be- 
tween the friction lock and rpechanical lock 
rivets is in the method of pin " retention; the 
friction lock relies on friction alone for pin 
retention, while the mechanical lock rivet em- 
ploys a mechanical lock between, the head of 
the rivet rfhd the pull stem. Note in view B 
that the collar, shown clearly in view A attached 



to. the head, ha^* been driven into the head aftd 
, has . assumed a wedge or cone shape around 
the groove in the pin. This holds the shank 
firmly in place ^rom the head side. ' 

The self-plugging rivet is^made of 5056-H14 
aluminum alloy 'and includes the conical -recess 
and locking collar in the rivet head. The stem 
is made of 2024-T36 aluminum alloy. Pull 
grooves which fit into the jaws" of the rivet gun 
are provided on the stem end that protrudes 
above the rivet head. The blind end portion of 
f the stem incorporates a head and a land with- 
an extruding angle which expands the' rivet 
shank. 

• 0 0 

Applied loads pfermissible for self-plugging 
rivets are .comparable to -those' for solid sfcank 
rivets of the same- shear strength, regardless 
of sheet 'thickness. The composite ultimate 
shear ^strength of the 5056-H14 shar£ and .the 
2024-T36 pin exceeds 38,000 psi on standard 
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(8) INSTALLED 



Figure 2-7 - Self-plugging ijivet (mechanical lock) 
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Figure 2-8 - Rivet\types with basic numbers 
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'.Figure 2-9 - Self^pfugging (friction lock) and pull-through yivet installation 
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Figure 2-10 - Self-plugging rivet* (friction lock) installation tools 
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rivet hole diameter; their tensile strength is 
in excess of 28,0Q0psi. Pin-retention charac- 
teristics are excellent in* these -rivets and the 
possibility of the pin working out is minimized 
by the lock formed in the rivet Bead. 
/ 
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BLIND RIVET INSTALLATION AND REMOVAL 



The special tools, installation .procedures, 
and removal methods for blind rivets are covered 
in the follow»ig. paragraphs. Selection of the 
proper Equipment depends on a number of var- 
iables; space available for equipment, type of 
rivets to be driven, availability of air pressure, 
etc. 

* » 
Installation Tools for 
Flection Lock Rivets 

Tne guns used for installing the friction 
lock type of self-plugging rivet are the G-ll 
'hand gun and the ,G-15 (series) and G-40 (series) 
power guns. The G-15 power gun uses*G-6H 
pulling heads as does the G-ll hand guru The 
G-40 power gun uses the H-40 pulling heads 
primarily; however, through the use of a 226 
adapter, G-6H heads* may be used. Extensions 
&re availatye for all guns usijjg G-6H heads. 
Figure 2-10 shows the G-ll and G-15 rivet guns 
with the G-6H pulling heads. K 

«# 

* The heads are manufactured in three different 
sizes to accommodate the different rivet dia- 
meters. For ease of selection, the sizes are 
stamped on, the parts of the pulling head. *■ i 

Installation Procedures (Friction Lock) 

It is important that the proper drawbolt 
and sjfeeve be used for the rivet being installed. 
The drawbolt should correspond to the diameter- 
of the* rivet, and the sleeve should correspond 

. to, the rivet diameter and head 'style. Speed of 
installation may be increased by inserting a 
number of rivets in -the work and then applying 
the gun. In other instances, such as overhead 
work, ♦ it is apparent that this method would be 

^ impractical and the rivet should be loaded into ^ 
the slot in *he drawbolt, because improper ' 
seating of the rivet may permit the head to 
break off before the rivet is properly set. 
(See figure 2-11, ) When using a hand guh, hold 
the "rigid handle of the gun parallel to the rivet 




RIVET JNSERTED 
IN MATERIAL 

GUN HEAD % 
INSTALLED * 
OVER STEM 

DIRECTION OF PULL f '* 
BY GUN BOLT 



STEM PULLED 
AND BROKEN, 
GUN FREED, 
RIVET UPSET 



STEM TRIMMED 

INSTALLATION 

COMPLETE 



Figure 2-11 - Self-plugging rivet/ (friction lock) 
, installation 



axis. Open the movable handle as far as it will* 
go, then partially close. ^ Repeat this operation 
until the rivet stem brealcs, then release the gun 
by completely closing the movable handle: When 
using the power gun, hold the head of the gun 
parallel to. the axis of the rivet. Push the gun 
against, the work with enough force to seat 
the head of the riveT firmly, and to insure 
, 'contact between the parts being riveted.' Pull 
the trigger until the stem breaks. The s f tem 
will be ejected through the rubber tube at' the 
back of the gun head. It is important 'that this 
tube be in place in order to prevent st&ms 
from getting into the gun mechanisms. 

Inspection (Friction Lock) 

The rivet iq satisfactory rf the pin is firm 
f an^ the head is seated tightty on the face of 
the material/ Occasionally, the head will rise 
slightly in the area whfbh was under the slot 
of the pulling head. This condition is acceptable 
if the head is not too badly deformed and the 
tension characteristics of the joint are not made 
critical by the deformation of the head. Figure 
2-12 illustrates satisfactory and unsatisfactory 
self-plugging rivets. 
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Removal (FtfctigirXock) 

These, rivets ar^ removed • in much the 
same manher as the common, solid shank rivets, 
except for the preliminary step of driving out 
the rivet stem. (See figure 2-13.) 

1. Punch out the j rivet stem with a pin 
punch. 

Drill out the rivet head, using a drill 
slightly smaller than the rivet shank. 

3. * Pry off ,the* weakened rivet head with 
a pin punch. 

4. Push out the remainder* of the rivet 
shanfc with a pin punch. If the shank will not 
punch out, drill the -shank, taking care not to 
enlarge the hole in the material. If the hole 
should be enlarged, finish-drill for an oversize 
rivet. 

Installation Tools for 
Mechanical Lock Rivets. 

One of the tools used for driving these 
rivets is the CP350 kind rivet pull tool. (See 
figure 2-14.) The nose of the tool includes a 
set of chuck jaws which fit the pull grooves in 
the rivet pin and pull it through -the rivet shank 
to drive the rivet; an outer anvil' which bears 
against the outer part of the manufactured head 



SATISFACTORY" 




during the driving operation; and k an inner anvil 
which advances automatically to drive tfie locking 
collar home after t**e blind head is formed. 
A short nose assembly, interchangeable with 
the' standard assembly, is available for use in 
areas where there is not sufficient clearance 
for the standard nose. 
% 

A change in rivet diameter requires a change 
in chuck jaws,, outer anvil, inner anvil, inner 
anvil thrust bearing/ and an adjustment of 
the, shift valve operating pressure as described 
"'below. A change in. the rivet head type from 
universal head to countersunk head, or vice 
versa, requires a change of the outer anvil only, 
if there is rio change in the rivet diameter. 

.A special chuck N jaws assembly tool is 
furnished with the tool. To ease insertion of 
the chuck jaws into the chuck sleeve* mount 
the th%e jaws on this assembly to form a cone, 
. and lower the inverted cfcuck sleeve over the 
jaws. 

Always be sure that the pull tool is equipped 
with the correct' size chuck jaws, outer and 
inner anvils to Jit the rivets being driven, and 
that the relief valve operation pressure is pro- 
perly adjusted for the size rivets being driven. 
Also make sure that the rivets are the pVoper 

' UNSATISFACTORY * \^ 
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FOR MATERIAL THICKNESS 

^ UNDERSIZE OVERSIZE 
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Figure 2-12 - Inspection of self-plugging rivets (friction lock) 
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length. The tool/has only one operating adjust- 
ment. This adjustment is used to qontrol the 
pull on the pin at which the inner anvil advances. 
The desired amount of the pull depends on the 
diameter of the rivets to be installed. You 
may vary the pull by changing the pressure at 
which the ^justable shift valve operates; To 
adjust, proceed as follows:* 4 

1. 'Remove pipe plug- from tool cylinder 
and connect a pressure gage to the tool. 

2. Press trigger and release it the instant 
a puff of exhaust indicates that the shift valve 
controlling the inner anVil ~has shifted; The 
gage will then indicate the shift pressure. Sefe 
figure 2-15 for the approximate pressures. 

NOTE: The trigger must be released im- 
mediately as the valve shifts. Otherwise the, 
gage will record the- higher pressure, which 
builds up as soon as the valve has shifted. 
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Figure 2-13 - Removal of self-plugging rivets 
(friction lock) 



3. To adjust the pressure, loosed the valve- 
adjusting screw locknut and turn the valve- 
adjusting screw clockwise to increase pressure, 
or counterclockwise to decrease pressure, until 
you obtain the desired pressure. Check the 
pressure after tightening the valve -adjusting 
4 screw locknut. When rivets of extremely long 



grip length are to be driveh, you should 
an adjustment to tjie high pressure limit 
efficient operation of the, tool/ the MINi 
desired n line, pressure should be not lesfl 
90 psi and the MAXIMUM "not more thi 
proximately 110 psi. When you are us 
CP350 A or B rivet pull topi, it may be nece 
to increase the* inside diameter of . the aix 
bushing, paft number 81479, from- 0.01 
0.065 inch , when driving 3/16-inch dial 
rivets if the line pressure is'*below 90 psi. 
you are driving 1/8- inch* diameter "five 
may be necessary to use air -Inlet bushing, 
N number 82642, having a 0.040-inch inside 
meter. ' If the tool "flutters", cut down th 
pressure to 60 psi with an air regulator, 
number £00-102, attached to the air inlet 1 
ing. When using a ,CP350C rivet pull U 
drive 1/16- and 5/32-inch diameter rivets 
air inlet bushing, part number .81479, and 
valve stop, part number 83^31. When dr 
1/8-inch diameteT rivets, use air inlet bus 
number 83642', and cut down the line pre! 
to 60 psi with air regulatoivpart number 900- 
attached to the air inlet bushing. 

' Installation Procedures (Mechanical Lock) 

Proper driving procedures are vital U 
'tain a firm joint. The recommended proced 
are as follows: 

1. Hold the head of the gun stead) 
at rightrangles to the work. - „ 

2. Preds on the head of the gun- haxti ep 
to hold the rivet firmly against the work, 
not use a great " amount of pressure * ui 
necessary to bring the part being riveted 
cfontact. ' * 

3. Squeeze the gun trigger and hold 
the rivet pin breaks 1 then release the trig 
Do not drive the next rivet until "the re 
action has caused the gun to latch. You 
hear - a distinct click, indicating^ that the 
is ready for the next installation cycle. 

Figure 2-16 shows the complete installi 
erf a self-plugging (mechanical -lock) rivet. 

The rivet- is actually cold-squeezed by 
action of the pin head drawing against <the to 
'shank e^d. Shank expansion through the ac 
of the extruding angle, blind head format 
and setting of the mechanical Jock in the x 
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Figure 2-14 - Self-plugging rivet (mechanical look) pull tool 
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Rivet 


Shift valve operating 


diameter 


pressure 


1/8 


. 30 to 31 psi 


5/32 


46 to 47 psi 


3/16 


/ 66 to 67 psi 



Figure 2-15 - Adjustments for CP350 blind 
rivet pull topi 

head all follow in automatic sequence and require 
but a fraction of a second. in some places 
•such 1 as near the trailing edge of a control 
surface, there may not be sufficient space be- 
tween the two surfaces to insert the rivet. 

In such cases, you may force the. pin into 
the hollow shank until the head of the pin just 
touches the end of the shank. Since no further 
shank expansion will result, the drill hole should 
not be enlarged to, provide a free fit of the 
already expanded pivet. To insert the rivet, 
use a hollow drift pin which will accommodate the 
rivet pin and locking collar. (See figure 2-17.) 



J?his hollow drift pin allows a driving force 
To^be--exerted on the head of the rivet. Drive 
the h»diTrto^firm contact with the sheet and 
then apply the^vstmill tool in the usual man- 
ner' to upset the rivet; ^ 

Due to the mechanical lock feature of the 
.pin and sleeve, the driven rivet is substantially 
the mechanical equivalent of a one-piece 4oIW 
rivet. The mechanical lock feature increases 
the load-carrying capacity in a single' shear 
from about 10.3 percent in the case of thick 
sheets where joint strength is considered cri- 
tical in rivet shear, to as much as 63.3 per- 
cent in thiri sheets where sheet bearing is con- 
sidered critical. 

Inspection (Mechanical Lock) 

Visual inspection of the seating of the pin 
in the manufactured head is the most reliable 
and simple means of inspection. If the proper 
grip length has been used and the locking collar 
and broken end of the pin 'are approximately 
flush with the manufactured head, the rivet 
has been properly upset and the lock formed. 
Insufficient grip length would be indicated ty 
the pin breaking beflow the surface of the 
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/Uleohanical-lock rivet before installation. 
(H) Note shorter stein on blind side providing 

marked improvement for limited blind 

clearance applications. 



a£ the stee is pulled into the rivet sleeve, 
f v it immediately forms, the blind head. The 
W mechanical-lock always forms ytfe blind hoad 

firmly against the blind sheet. 



r 



Continued movement of the stem puahes the 
/~\ blind sheet ahead of the blind head until 
the sheets are firmly clamped together and 
the rivet is firiily aeated. 



The plugging portion of the atem expanda 
the rivet sleeve to fill the hole and re- 
(4) duces in diameter aa it passes through the 
rivet sleeve, providing excellent hole fill 
— even in oversize holes. ... 




The moveeent of the stem is stopped by 
the pulling head at a point where tho 
groove in the stem and the chamfer in 
the rivet line up tfo make^ a receptacle 
for the locking ring, , 



T»:e pulling head shifts automatically, 
(&) inserts the positive mechanical locking 
rins, and fractures the stem flush with 
the rivet head. 



Figure 2-16 - Self-plugging rivet (mechanical lock) 
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manufactured head, and excessive grip length 
would be indicated by the pin breaking off well 
above the manufactured^head. In either case, the 
locking collar might not be properly seated, thus 
forming an unsatisfactory lock. Figure 2-18 gives 
limits for proper pin seating. 



RIVET PIN PRESSED INTO . 
SLEEVE BEFORE INSERTION* 




HOLLOW DRIFT PIN 



703 

2. Pry /the remainder of the locking collar 
out with a ^ift pin. . 

3. Use the proper size drill to drill nearly 
through the rivet head. For**-i/8-inch dia-. 
meter rivet, • use a number 31 drill; for a 
£/32, use a number 24; and, for a 3/16, use 
a number !$• 

4. Bf^ak &f the drilled head, using a drift 

pin as a pry.* \ " % 

5. Drive out the remainder of the rivet 
with a pin having a diameter equal to, or 
slightly less than, the ri^et diameter. 

RIVNUTS * , ^ 



Figure 2-17 - Inserting self-plugging rivet 
\- (mechanical lock) 



Rivet 
diameter 


A 


i — 1 1 

B 


C 


1/8 inch 


0.012 


' 0.016 


0.008 


5/32 inch 


.015 


.020 


.010 


3/16 inch 


.018 


.024 


.012 



A. Maximum allowable distance of locking col- 
lar above or below rivet head. 

B. Maximum allowable distance of top of land 
on pin above rivet head. 

C. Maximum allowable distance of top of land 
on pin below rivet head. 

F igure 2-18 - Inspection criteria for self-plugging 
rivets (mechanical lock) 



Removal (Mechanical Lock) 

Removal of thfs rivet is accomplished easily 
without damage to the work by use of the following 
procedure: (See also figure 2-19.) 



"1. Shear the lock by driving out the pin, 
using a tapered steel drift pin not over 3/32- 
inch diameter at the small end. If working 
on thin material, ba3k up the material while 
driving out the pin. If inaccessibility prohibits 
this, partially remove the rivet head by filing, 
or with a rivet shaver. An alternative would 
be to file the pin flat, center punch the flat, 
and carefully drill out the tapered part of the 
pin forming the lock. 



the Rivnut is a hollow rivet made of 6063 
aluminum alloy, counterbored, and threaded on 
the inside. Installation is done ' with the aid 
of a special tool, which heads the rivet on the 
blind side of the work. • Rivnuts are primarily 
used as a nut plate, as in the attachment of 
deicer boots; however, t they may be used as 
rivets in secondary structures, £>r for the 
attachment of accessories such as instruments, 
brackets, and "soundproofing materials. After 
a suitable group of Rivnuts has been installed, 
accessories can be fastened in place with screws. 

Rivnuts are- manufactured in two head styles, 
flat and countersunk, and in two shank designs, 
open and closed ends, as shown in Figure 2-20. 
Each of these rivets is available in three sizes- 
Nos. 6-32, 8-3£, and 10-32, These numbers 
indicate the nominal diameter and the actual 
number of threads per inch of the machine 
screw that fits into the Rivnut. Rivnuts are 
available with or without small projections, 
called keys, attached to the underside of the 
head to kfcep the Rivnut from turning. Keyed 
-Rivnuts Are used when the Rivnut serves as 
a nut plate, while Rivnuts without keys are 
used for straight blind riveting jobs where nq. 
torque loads are imposed. 

Open-end Rivnuts are the most widely used 
and are recommended in preference to the 
closed-end type, except in sealed flotation or 
pressurized compartments, in which the closed- 
end Rivnut must be used. 
Installation Tools for Rivnuts 

Tools used for installing Rivnuts include 
the heading tool and the keyway cutter. The 
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FILE A SMALU&AT 
ON RIVET HEAD 



PRY OUT REMAINDER 
LOCKING COLLAR 



CENTERPUNCH FLAT 



DRILL OFF TAPERED PORTION 
OF PIN WHICH FORMS THE LOCK 



DRILL ALMOST THROUGH 
RIVET HEAD 




ACCOMPLISH STEPS 1,2,AND3 
ONLY IF RIVET IS IN A THIN 
OR RESILIENT MATERIAL . 



SHEAR LOCK 
BY DRIVING 
OUT PIN 




Figure 2-19 - Removing self-plugging rivets (mechanical' lock) 
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Figure 2-20 - Sectional view of Rivnut showing^ head and,end designs 
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heading tool, as. shown iiwfigure 2-21, has a 
threaded mandrel oft which ttie Ri^nut is threaded 
until the head of the Rivnut i$ agaiftgt the anvil of 
the heading tool, This tool normally comes in 
three different sizes. They are identical, except 
for the size of their threaded mandrel. The head- 
ing tool comes in sizes 6-32, 8-32, and 10-32; 
which correspond with the thread sizes of the 
standard Rivnuts. The keyway cutter is used for 
cutting a notch in the Rivnut hole for the Rivnut 
keyway. In some instances the keyway cutter can- 
not be used because the material is too thick. * In 
this case, u?e a small round file to form the 
keyway. 

Installation Procedures (Rivnuts) > 

The drilling of holes for Rivnuts requires 
the same precision' as that required for solid 
shank rivets. The shank of the Rivnut must 
fit snugly in the hole. To obtain the best Results 
for a flathead installation, first drill' a pilot 
hole smaller than the shank diameter of the 
Rivnut, then ream to the correct size. Pilot 
and re&m drill sizes for Rivnuts are given 
in 'figure 2-22. 

> This application of fclush Rivnuts is subject 
to certain limitations. For metal which has a 
thickness greater than the ^minimum grip length 
of the^ first Rivnut. in ft series, use the machine 
countersink; and for metal thinner than the 
minimum grip length of the first Rivnut. in a 
series, use ^he dimpling process. The counter- 
sunk Rivnut should not be used unless the metal 
is thick enough for machine pounjersinking, 
or unless the underside is accessible for the 
dimpling operation. Aside from the counter- 
sinking,. operation, the procedure for installing 
a flush Rivnut iSsthe same as that for tfie 
flathead Rivnut. 

When installing Rivnuts, always check the 
threaded mandrel of the heading tool to see 
that it is fj^e rfroin burrs and chips from the 
previous installation. Then screw the Rivnut 
onto the mandrel until the head touches the 
anvil. Insert the Rivnut in the hole (witlrtiie 
key positioned in the keyway, if a key ig used) 
and hold the heading tool at right angles to the- 
work. Press the head of /the Rivnut tightly 
against the sheet while slowly squeezing the * 
handles of the heading tool together, until the 
-Rivnut starts to head over. Then release the 
handle and screw the stud farther into the 
Rivnut. This prevents stripping the threads 



of the Rivnut before/ 'it is properly headed. 
Agaiiu-eqaefeze the handles together until the 
Rtfmut heading is complete. Now remove the 
stud of the heading tool from the Rivnut by 
turning the crank counterclockwise. 

The action of the heading tool drffrre the 
Rivnut against the anvil, causing a bulge to iorm 
in the counterbored portion of the Rivnut on 
the inaccessible side of the work. This bul^ 
is qomparable to* the upset head on an ordinary 
solid "shank rivet. Practice is the best way to 
determine the amotmCsOf squeeze required to 
head the Rivnut proper^ * 

When keyed Rfimuts are used, cut the key- 
way after the hole has. been reamed. Operate 
the keyway cutter by inserting it in the hole 
and squeezing the handles. Always cut the ♦ 

xkeyway on the side of the hole away from the . 

vedge of the sheet. c t 

Inspection (Rivnuts) 

After the installation of Rivnuts, as well 
as other fasteners, the AM must inspect the 
completed installation. He will check the Rivnuts 
for the following: 

1. Inspect the manufactured head for cor- 
rect installation of the Rivnuts kfeyway in its 
keywayJ>slot, insuring it is flush with the sur- 
face in which^t is installed. 

2. Inspect the threaded portion of the 
Rivnut shank for cracks, stripped threads, and 
general condition. Stripped threads may have, 
an improperly upset head. The stripped threads 
would also prevent the installation of screws. 

3. When possible, in open skin areas, 
inspect the shank for a properly upset head. 

NOTE: Rivnuts which are not to be used 
at the time of installation, or not used for 
any -other reason, should be 'plug^d with a 
$crew designed specifically for that purpose. 
This will eliminate prickets, which , could hold 
moisture and cause corrosion if left open. • 

■ . * • 

Removal (Rivnuts) 

Defective Rivnuts should be replaced with 
the same size Rivnuts whenever possible. When 
the hole has been enlarged by removal, substi- 
tution of the next larger size can be made. 
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KEY WAY CUTTER 



Figure 2-21 ''-Hand-operated Rivnut heading and keyway cutter tools 



Rivnut size 


6-32 


8-32 


10-32 


Pilot drill 
size 


19 (0.166) 


8 (0.199) 


1^28) 


Ream drill 
size 


12 (0.189) 


2 (0.221) 


1/4 M (0.250) 



To remove a Rivnut, select a drill the same 
size as the original hole. Drill out the Rivnut 
head, using light pressure and the hollow Rivnut 
shank as a guide. The Rivnut shank should 
fall out of the hole behind the sheet, or it may 
be drifted out, using a pin punch. 



HI-SHEAR RIVETS- 



Figure 2-22 - ; Drill sizes for Rivnuts 



\ / 



GROOVE. 



Hi-shear (pin) rivets are essentially thread- 
less bolts. The pin is headed at one end and 
is grooved about the circumference at the other. 



] 



fcr * 

SHEARING — ' 
^\ EDGE 




FLUSH HEAD 
RIVET 



FLAT HEAD 
RIVET 



COLLAR 



Figure 2-23 - Hi-;Shear rivet installation 
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A metal collar is swaged onto the grooved end* 
effecting a firm tight fit. They are av2llablS 
in two head styles, the flat protruding head and 
the flush 100-degreev^countersunk head. Hi -Shear 
rivets are made in a variety of materials and 
are used only in shear application. Due to 
the shear strength being greater than either 
the shear <Jr bearing strength of » aluminum 
alloys, they are used to greater advantage only 
in the thicker gage sheets, Jhey are never 
used where the grip length is less than the 
shank diameter. Hi-Shear rivets are illustrated 
in figure 2-23. j • ■ 

Rivet Identification (Hi-Shear) A 

Hi-SheaT rivets are identified by code 
numbers similar to^the solid rivets. The size 
of the rivet is measured in increments of thirty- 
seconds of an inch for the 'diameter and six- 
teenths of an inch for, the rivet grip length. 
Thus an NAS1055-£-7 rivet would be a Hi -Shear 
rivet with a countersunk head, its diameter 
would be 5/32 -inch, and its maximum grip 
length would be 7/16-inch. 

The collars are identified by a basic code 
number and a dash nuhiber which cxrrresponds 
to the dash number for the diameter of the 
rivet. An "A M before the dash number indicates 
an aluminum *alloy collar. An NAS528-A5 collar 
would be used on a 5/32-inch diameter rivet 
pin. Repair procedures involving the installa- 
tion or replacement of Hi-Shear rivets generally 
specify the collar to be used. 

Installation Tools for 
Hi-Shear Rivets^ 

'The- special tools required for use with 
Hi-Shear rivets differ from conventional sets 
only in the design, of the collar swaging and 
trimmiog features and the discharge port through 
which excess collar material is ejected. c (See 
figure .2-24.) Various tools and combinations 
of tools are available for installing rivets in 
limited access areas. 

Installation Procedures (Hi-Shear) 

Figure 2-24, illustrates four steps in the 
installation of the pin and collar to form the 
rivet. In step 1, the pin is inserted into the 
work. A buckings bar is placed against the head 
o( th\ pin. In step 2, the collar is slipped over 
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the grooved end of the pin. A .guri^Sr squeezer 
sfet is piacefl ' over ■ the collar. As driving 
pressure*^ applied -in step 3, the collar begins 
to form into the ^grooved end of the pin. Step 
4 shows the collar formed or-swaged completely 
into the grooved end of the pin. Excess material 
is primmed off thef collar automatically by*the 
tool during driving. 

Removal (Hi-Shear) 

Hi-Shear rivets may, be removed by various 
mettods. However, only' some of these methods 
are recommended Is the others may increase 
the possibility of damaging the parts. ^ Cutting 
tfie- collar off with .a chisel,; -or other sharp 
tool should ybe done only where other" method^ 
are not practical and the structure is fairly 
rigid. (fee (A) figure 2-25.) You must take 
special ckre to prevent damage to the part or 
to the hole. The use of a drill guide is recom- 
mended in drilling out a Hi-Sljear rivet. (See 
(B) figure 2-25.) The base of the guide has 
a conical surface which fits over the" driven 
collar. Use a drill with a diameter approxi- 
mately *fequal to the rivet diameter to drill the 
shank end of the Privet down to the locking 
groove. The rivet is then driven outwith a 
small punch. When aUsolutely necessary, the 
head of 'the rivet^ may be drilled out, but you 
should use a guide on protruding he*d* rivets. 

A collar removal tool,- consisting of a 
hollow end mill, may a*so be used to remove 
the collar. (See (C) figure 2^25.) The rotating 
cutter is applied to the collar &ntil a* sufficient? 
amount of collar material has been removed' 
to permit a sharp tap of a hammer to drive 
. out the pin. \ A stop prevents the cutter teeth 
from contacting and damaging the work surface. 



LOCKBOLT FASTENERS- 

r 

Lockfcplt fasteners are designed to meet 
high-strength requirements. Used in many 
structural applications, their shear and tensile^ 
strengths equal or exceed the^ requirements of 
AN and NAS bolts, 

Lockbolt Pins (tension pull type) 

The lockbolt shown in figure 2-26 (A) con- 
sists of a pin and collatf They are available 
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USE CHISEL THAT HAS CUTTING EOOE 

Narrower than collar height 




BUCKING BAR TO 
SUPPORT RIVET 



STEP I ^ 
SPLIT RIVET COLLAR JWO PLACES 

(A) CHISEL METHpt 




■r 



OA ILL BUSHING 



STEP I. 
ORILL SHANK 00 WN 
TO LOCKING GROOVE 




StCP 2. 

ORIVE RIVET PIN OUT WITH PUNCH 



STEP 
ORILL THROUGH 
RIVET HEAD 



IJfltLL BUSHING 



STEP.2. 
ORIVE RIVET PIN * 
OUT WITH PUNCH 



DRILL APPROXIMATE 
SIZE OF RIVET 



PUNCH t 



STEP 2. 
DRIVE RIVET 
OUT WITH PI NCH 





-B=ZB)-g-|- 



II 



w 



^ STEP 1. 

MILL COLLAR OOWN TO EOGE OF PIN GROOVE 



STEP 2. 

DRIVE RIVdT PIN OUT WITH PUNCH 



(C) HOLLOW END MILL METHOD 



Figure 2-25 - Hi-Shear rivet removal 
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in two head styles, protruding and countgrsunk. 
Pin retention is accomplished by swaging the 
collar into the locking grooves on the pin. 



L0CKB01T PIN 




(A) 



COLLAR 




Figure 2-26 - Lockbolts 



Blind Lockbolt 

The-blind lockbolt shown in figure 2-26 k (B) is 
similar to the self-plugging' rivet shown in figure 
2-7. It features a positive mechanical lock for pin 
retention. 



Installation Procedures for 
Lockbolt Fasteners 

Figure 2-27 illustrates four steps in the 
installation of the lockbolt fastener. This fast- 
ener is installed using the CP352 pneumatic 
driving tool ( similar to the CP350 blind rivet 
pull tool illustrated in figure 2-14). 
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Removal (Lockbolt). „. - 

Lockbolt collars may be removed by various 
methods. . In general the procedure is the same 
as for removing Hi-Shear* rivets. (See figure 
2-25.) Cutting the collar o'ff with a chisel 
should be done Qnly where the structure is 
fairly rigid. • 



Scap 1. Pin is Inaercad (rn 
on* aide of work through ft*- 
M»d holt. Hacal collar Itl 
then f lacad ovar ch« plncailv^ 
Whan cool noaa la appllad, 
chuck Java grip pull groovaa. 




r 



3mm. 

K2T 



o 
>- 
o 




Scap 2. Tool pull* origin 
and atarca drawing ahaata 
cagachar. 



Scap 3. Aa *ha null an cha 
pin lncraaaaa, cool anvil 
avagaa cellar Into lacking 
groovaa and a paraananc 
lack la faraad. 



Scap 4. Toal canclnuaa ca 
pull uncll pin braaka ac cha 
braaknack graava and la ajacead. 
Tool anvil dlaangagaa froa 
avagad call — 



\ 



Figure 2-27 - Lockbolt installation 



* 



r 

You must^take special care to prevent damage 
to the structure or to -the hole, " The most 
acceptable method of removal is to cut the 
collar off, using a hollow end mill in a drill 
motor. After removal of the collar, the pin 
may be driven out with a punch. » 
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HI-LOK 

INSTALLATION 



NI-LOK PIN 
PHOTRUOING 
HCAO 'TV*C 



MI-liOK 

ioo* ifwush 

^ HCAU type 

\ 



Figure 2-28 - Hi-?Lok fastener 

• . m ' ( 



hi-lok Fasteners 



The* Hi~Lok fastened, shown in figure 2-28, 
combines the features of a- rivet and a bolt 
,w and is used for high-strength, • interference **it 
of primary structures. , The ^fi-Lok fastener 
consists ,of a threaded pin and threaded locking 

* collar. The pins are made of cadmium-plated 
alloy steel with protruding or 100-degrfee flush 
heads. Collars for the pins are made6f anodized 
2024 -T6 aluminum or stainless steely The 
threaded end of the pin * is recessed ^with a 
hexagon socket- to allow installation from'bne 
side* The major diameter of the / threaded part 
of the pin has Seen truncated (cut undersize) 
to accomodate a 0. 004- Arch maximum interference 

* fit. ' One end of the'collar is internally recessed 
with a 1/16-inch, built-ip .variation which auto- 
matically provides for variable material thick- 
ness without the use of washers and without 
preload changes. The other end of the collar 

* haa a ffrque-off wrenching device which con- 
trols a predetermined residual tension of pre- 
load (± 10%) in the fastener. 

Installation Procedures for 

Hi-Lok Fasteners m * 

Hi-Lok*, fasteners may be installed by one 
person working from one 4 side of the work, 
using standard power or hand tools and Hi-L©k 
adapter tools. Hi-Lok adapter tools can be 
fitted to high-speed power drivers in straight, 
90rdegree, offset,, and Actension configurations. 
View fA) figure 2-29 illustrates stfcps in the 



installation of - Hi-Lok fasteners using power 
tools. 

* ,Hi-Lok fasteners may be installed using thV 
following hand' tools: Alien hex key (Allen wrench) 
and open-end or ratchet*typ„e wrenches. (See J[B) 
figure 2-29.) To install the fastener, insert the pin 
into the^prepared' ^ole ^d manually screw the 
cojlar opto, the pin a ^minimum of two turns. Insert 
• the proper size Allen w/ench info the hex recess 
of, the pin and, using a ratchet or open-end 
wrench, r&tate the \coliar clockwise until the 
wrenching device of the 1 collar has been torqued 
off. The fastener is installed with the correct 
totqufe valiie as the collars are designed to break 
off (torque off) at pre-established torque .levels. * 



Removal (Hi-Lok) § 



Hi-Lok fasteners are s^sily rerpoved with 
standard hand tools in, a manner sinjttar to 
removing a nut from a bolt. ■■■ To remove a 
Hi-Lok fastener, insert an Allen wrench in 
the ^hex recess of the" r pin.. Hold the Allen 
wrench firm and, using^a^fitir /Of channel-lock 
or vise-grip pliers, rotate the collar counter- 
clockwise until removed. (See (C) figure 2-29.) 
Hi-Lok pins are reusable if no thread ^damage 
is incurred during removal.. AN or NA&nuts 
may be substituted for Hi-Lok collars; 

TAPER-LOK FASTENERS 

" The Taper-Lok fastener is a headed pirt 
with a slightly tapered ..shank. The taper (0.021 
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L Nitort tht pin into 2. Monually tcrtw tht colkjr 3. mttrt tht htx wrtnch tip of tht 

v tho prtpt rod holt. ^ onto tho pin 0 minimum powtr "drivor into tht pin t ht« rtcttt . 

, A of two turnt. * ' * " 



COLLAR 




POWER DRIVE* 



INSTALLEO FASTENER 



COLLAR WRENCHiNC 

oevicE 




4. Firmty t prttt tho drivtr against tho 
coHor, optroft tho powtr drlvor until 
tho collorWL wrtnchinf dovlco hot 
bttn torqutd off. 

^ (/CM^raiThgsTAU-ATio^ 

.(Powtr Too it * 



5- ~ s t Hl-Lok fatttntr it 
intiolltd with tht corrtct 
tor jut volut. 




Socfctt 



(B) HI-LOK FASTENER 
INSTALLATION 
(Hond'Tooltl 



Wotor Pump Plitrt 



(C) REMOVAL OF INSTALLEO HI-LOK 
FASTENER 
(HtndToolt)* 



Figure 2-29 - Hi-Lok fastener installation and removal 
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inch per inch) of the shank 'and mating hole 
provjdes the interference feature of the fastener. 
The fastener is* secured by a washernut as- 
sembly. The washernut consists of a self- 
locking nut and captive washer. °The counter- 
bore design 'Of the nut will absorb a 1/16-inch 
pin grip protruding through the material to 
be attached* 

. Installation Procedures for Taper-Lok Fasteners t 
(Figure 2- 3D) 

Press the Taper-Lok into its hole, using' 
finger pressure. Seat the fastener with 10 
to 30 pounds of finger pressure, . Under no 
circumstances should ,heavy pounding of fast- 
eneri be -used td drive the fastener to a x nearly 
or fully seated position. If a sealant -«coated 
fastener will not sufficiently engage the hole 
taper with finger pressure. and the hut. does not 
engage the threader it *s- permissible to lightly 
tap the fastener head with a plastic-tipped mal- 
let weighing no more than 12 ounces. Install 
the nut on the fastener, and apply the prpper 
amount of torque to the nut. Refer .'to the 
^applicable torque table. Jorques are different 
for low-interference and high interference fits. 
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You must also check the hejWs of flush 
Taper-Loks. installed on interior surfaces of 
the airplane. Any gap between * the head and 
its countersink should not exceed '0.0(53 inch 
and this 0.003-inch gap must not exceed one- 
third of -the fastener's periphery. 



Check the heads for signs of distortion. 
The appearance* of a distinct ring on the head 
of the fastener is evidence.pf 'distortion. . * 



Next, check the gaps under the "heads of 
protruding heade'd Taper-Loks. The gap .should, not 
exceed 0.004 inch. This gap is permissiBtfe for only 
one-half of the fastener's periphery. Furthermore, 
no two adjacent fasteners and, no more than 10 
percent of the total pattern of fasteners can have 
the maximum allowable gap. 



Fiifelly; check the amount the threaded ei*d 
of the Taper-Lok 'shank protrudes above the 
fastened surfaces. Thread protrusion must 
not exceed prescribed, values. 



DRILL HOLE WITH 



SIZE PILOT HOLE WIJH 
DRILL-REAMER TOOL 
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, INSERT TAPSR-LOK fN SIZED HOLE -WITH 10 
TO 30 POUNDS FINGER PRESSURE. CHECK 
PIN PROTRUSION P AGAINST V*LUE It^l ~ 
THE INSTALLATION DATA TABLE. 




INSTALL NUT 



TORQUE NUT TO 
VALUE SPECIFIED IN 
NUT TORQUE TABLE 



Figure 2-30 - Taper-Lok fastener installation 



Inspection (Taper-Lok) • • 

Check the heads of flush-headed Taper-Loks 
installed on the exterior surfaces of the Air- 
plane. / The heads of these fasteners should 
not protrude into the airstream more thah that 
allowed for aeordynamic smoothness. There 
should be no gap between the heads and their 
countersinks. 



Removal (Taper-Lok) 



Remove Taper-Loks by removing the nuts 
and driving the Taper-Lok shank oyt of the 
hole, using the proper removal tools as shown 
in figure 2-31. .Be careful not to damage 
the nut-bearing area around the hole. 
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Figure 2-31 - Taper-Lok fastener removal 



JO-BOLT FASTENERS 



The Jo-Bolt shown in figure 2-33 is a 
high-strength, blind, structural fastener that 
is used on difficult riveting joba^when access 
to one side of the work is impossible. The 
Jo-Bolt consists of three factory preassembled 
parts: 'an aluminum 'alloy or alloy /steel nut,, 
a threaded alloy steel bolt, and a corrosion- 
resistant steel collar. The head styles available r 
for Jo-Bolts are the 100- u degree° fjush head, 
hexagon protruding head, %pd.< the 100-degree 
flush ritillable head. 

Installation Tobls for 
Jo-Bolt Fasteners 

Special tools are required for the installation 
of Jo-Bolts. In no case shall power screw- 
drivers or drill motors be converted to Jo^feolt 
driving tools. The hand tool illustrated in 
figure 2-32 consists of a tool body, nose adapter, 
and wrench adapter and can be used for in- 
stalling all sizes and types of Jo-Bolt fast- 
eners. ' The nose adapter* is secured in the 




WRENCH ADAPTER 
NOSE ADAPTER 



STRUCTURE (REF) 

Figure 2-32 - Jo-Bolt installation tool* 




tool .body and prevents the nut portion of the 
Jo-Bolt from turning during installation. The 
wrench! adapter rides free inside the nose adap- 
ter ana gets its turning action from the ratchet 
wrench. 

. Installation Procedures (Jo-Bolt) * 

When you are installing Jo-Bolts., it is 
important that the fastener holes and counter- 
sink diameters be the correct size for different , 
• types of Jo-Bolts. „ It is recommended that 
the holes be drilled undersize- and then be 
brought up to final size by reaming. After 
bringing the holes up to correct size and prior 
to installing the Jp-Bolts, you must secure the 
part to be joined firmly in position. Cleco 





INSTALLED PROTUDING HEAD ' INSTALLED FLUSH HEAD 



Figure 2-33 - Jo-Bolts 



fasteners, C-clamps t or any of several varieties 
of temporary fasteners may be used for this 
purpose. 

Figure . 2-34 illustrates the installation of 
Jo-Bolts. Insert the correct grip length. Jo- 
Bolt in the hole. You can push the fastener 
easily into a properly prepared hole and in 
no case shall you drive it forcibly into the 
hole. A very light tap fit is permissible in 
alurainufri alloy parts but not in steel. Select 
the correct nose and wrench adapter for the 
fastener and secure them in the hand tool body. 
Place the nose adapter of the driving tool over 
the slabbed portion of the bolt shank so that 
it engages the head of the Jo-Bolt. On flush 
head Jo-Bolts the dogs on the nose adapter 
shall fit into the slots of the fastener head. 
On the protruding head, including the millable . 
head fasteners, the nose adapter will fit over 
the fastener head. Hold the . tool tightly against 
the Jo-Bolt head and perpendicular to the sur- 
face of the work. failure to hold the tool 
perpendicular may result in the stem breakoff 
before the Jo-Bolt is tight. Holding the handle 
of the tool stationary r turn the ratchet handle. 
As you apply power, the bolt is turned while 
the nut ia held. The sleeve, compressed be- 
tween the bolt head and tapered end of the nut, 



NORMAL INSTALLATION 



DRIVING TOOL 




NOSE 
ADAPTER 



step 1 

Select proper fcrip length 
then Ineerc fa* tenor In 
hole. 



Step 2 

Engage noae adapter o 

cool with nut and s 
portion of bolt 




INSTALLED PROTRUDING HEAD 
THREADED BLIND FASTENER 



Figure 2-34 



WRENCHING END 
OF BOLT 



BOLT 

BREAK-OFF 




la) .bed 



Step 3 

When power la applied, 
the collar le* comprcaaad 
over the tapered. end Of 
the nut. The belt la 
notched to break oft at 
a predetermined tenalon 
force. 




Installed flush head 
threaded blind fastener 

Jo-Bolt installation 
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Drill Solution Oart 


Jo«lolt 


Column l 


voiumn ii 


^ Nominal Dlomotor 


Orlll\Sliaj# 


DrfJI $lf 




(O.0f3$) 


No 23 (0.154) 
5/32(0.1542) 




No. 35(0.1 tO Inc*) 


No. 12(0 Jit Inch) 




No. 24(0,152 Inch) 


D (0.244 Inch) 


5/16 


No. 57(0.173) 


M (0.295) 


. V8 


No. 5(0.2055) 


23/44 (0.3594) 
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STEP I 

SELECT CORRECT PILOT MILL FROM COLUMN I oV THE DRILL 
SELECTION CHANT, THEN OH ILL IE LOATHE HE AO - 
SHANK JUNCTION Of THE NUT. w 



STEP II 

SELECT CONNECT FOLLOW UP MILL FROM COLUMN II Of 
THE ONJLL SELECTION CHANT, THEN MILL TO THE 
PILOT HOLE DEPTH. - 




STEP III 

USE A HA II MEN AND NOMINAL SIZE PUNCH TO DRIVE OUT 
THE SHANK AND ILINO HEAO. 

(A) TIGHT FASTENER 




STEP I 

PNC VENT NUT FROM TURN** IT EJNJA6IM 
ONIVINt TOOL NOSE AOAPTFR; HOLOM* THE 
NOSE AOAPTEN WITH VH£-«RIP PLICR1 




STEP II 

SELECT ONILL, IN ACCONOANCC WITH COLUMN 1 Of THE 
ONILL SELECTION CHANT, THEN ONILL THNOUtH THE 
SHANK, SEVENINS WE IOLTHEA0. TV 




STEP III 

PICK THE NUT FROM THE MOLE WITH A PUNCH. 



Figure 2-35 



Bojit removal 



2-26 




ERLC 



124 



is drawn o£er the end of the nut. The sleeve 
is expanded, forming the blind head against 
the inner Surface of the part. When the sleeve 
is drawn up tight, the slabbed portion of the 
\bolt is snapped on, completing the driving 
operation. After driving, you should touch up 
the end' of' the bolt, at the breakoff point with 
zinc chromate primer. 

Removal (Jo-Bolt) ' , 

The procedure to be used for the removal 
of a Jo-Bolt will depend on whether the fastener 
is clamped 1 up tight or whether it is loo&e. 
If the Jo-Bolt is clamped up tight in the hole, 



you can remove the Jo-Bolt by drilling just 
through the fastener head and 1 then driving out 
the shank portion with a hammer and punch. 
(See (A) figure 2-35.) If the Jo-Bolt is loose 
in the hole, you must prevent it from turning 
by using a drill bushing which has dogs to 
engage the head .slots and a handle or other 
device, to hold it (See (B) figure 2-35.) While 
holding the Jo-Bolt to prevent it from turning, 
drill the bolt portion of the fastener completely 
out, removing 'the bolt head and fastener sleeve. 
Affcer the bolt head and sleeve have been re- 
moved, pick out the nut portion of the fastener. 
.For all drilling operations on Jo-Bolts, select 
a drill motor that does not turn over 500 RPM fl 
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QUESTIONS 



s ANSWERS 



13. A letter or letters following a solid rivet 
head-shape code identify the rivet , 

14. Solid rivet diameter is expressed in ^ 

of an inch. 

15. After heat treating alloy 2017 rivets, you 
can delay the rivet's aging time \jy . 

16. Because of their corrosion resistant quali- 
ties, what alloy rivets should you use^for joining 
magnesium structures? \ 

17. What is the 'Width of the upset head of a 
properly driven rivet? 

18? After a mechanical lock self-plugging 
rivet is driven, the pift is retained in place by 
a ^ . 

19. When you are installing mechanical lock 
self -plugging rivets, a change in rivet diameter 
requires a change in which pneumatic pulling 
tool parts? 

20. To drill through the head of a 5/32 self- 
plugging rivet, you should use a .number 

- 4wist drilL 

21. What are the two Rivnut shank designs? 

22. When a Rivnut is to be used as a nutplate, 
you should install a Rivnut. 

23. What is the grip length of a NAS 1055-5-7 
Hi-Shear rivet? 

24. The MOST accepted method for removal 
of Lockbolts is to . 

25. When a Hi-Lok fastener is installed with 
the correct torque, the collar will . 

26. When a Taper-Lok fastener is being installed 
the fastener is secured with a* ° 

27. If finger pressure does not fully seat a 
sealant -coated Taper-Lok fastener, you may seat 
the fastener by tapping with a - . 

28. For removing a Jo-Bolt that is loose in the 
hole, you should use a drill bushing with dogs 
to prevent the from turning. 



13. 
14. 
15. 
16. 

17. 



material or alloy (Page 2^2) 
thirty-seconds (Page 2-2) 
refrigeration (Pagfe 2-2) 
5056 (Page 2-2) . 



One and one- ha If times the ori- 
ginal shank diameter (Page 2^-3) 



18. collar (Page [ 2-6) 



19. Chuck j'aws, outer' anvil, ' inner 
anvil, and inner anvil thrust 
bearing (Page 2-9) , 

20. 24 (Page 2-13) • 



21. Open end and closed" end (Page 2-13) 

22. keyed (Page 2-13) , •: 

'23? T/lVtech- ..(Page 2-17) 



24. 



cut the collar off, using a hollow' 
end mill, and drive the pin out 
with a punch (Page .2-20) 



25. break off (Page 2-21) 



26. Washernut assembly (Page 2-23) 

27. 12-bunce, or less, plastic mallet 
• (Page 2-23) 

28. nut (Page 2-27) 
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PAMPHLET REVIEW QUIZ 



Directions: Cover the answers to the questions with the enclosed Answer Key Mask. 

Carefully answer the questions; then remove the mask to check with the printed 
answer. If. you ^answered any question incorrectly, refer-to the text material. 



QUESTIONS 



'the SAE number for steel, the second 
digit represents the 

A. type of stesl 

B. percentage of carbon 

C. 'percentage of the principal alloying 
element 

D. number of alloy modifications 

2. When you are spark testing a metal, long, dull 
red spark shafts turn white. This color identifies 
the metal as . 



x 



A. nickel steel . 

B. low-carbon steel" 
C\ wrought iron 

D. caait iron 



v. 



ANSWERS 

1. C - Each SAE number consists % " 
of a group of digits, the first / % 
digit represents the type of steel; 
the second, the percentage of. the 
principal alloying element; and 
usually tho, last two or three 
digits the percentage, in hundredths 
of 1 percent, of carbon in the 
alloy. (Page 1-2) 

# 

f ' * 

2. C - Wrought iron produces 

long shafts that are dull ted 

colored as they leave the stone 

and end up a white color. (Page 1-2) 



3. Medium-carbon steel contains 
percent fcarbon. 

A. 0.50 to 1.05 

B. 0.30 to 0.50 

C. 0.10 to 0.30 

D. 0.05 to 0.10 



3. B - Steels containing carbon 
in percentagesSfanging from 0.30 
to 0.50 percent are, classed as 
MEDIUM-(^^0^STE5l1 (Page 1-2) 



4. The principal alldy of 18-8 steel is 

A. chromium 

B. nickel 

£. vanadium 
D. molybdenum 



5. What •steel is used principally for welded 
aWcraft structural parts and assemblies? 



A. Chrome- vanadium 

B. Nickel 

C. High cirbon t 

D. C hro me - fnoly bde num 



4. A - The corrosion-resisting 
steel most often used in aircraft 
construction is known as 18-8 
steel because of its content of'^ 
18 percent chromium, and 8 percent 
nicke^. (Page 1-3) , 



5. D - Molybdenum' steels are 
especially adaptable for welding 
and are used principally for 
welded structural parts and 
assemblies ♦ (Page 1-3) 
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6. The ONLY means of increasing the. tensile 
strength in nonheat-treatable wrought aluminum 
alloys is by • ^ • 

A. annealing 

B. normalizing 

C. casehardening 

D. strain hardening ^ 

r 

7. To indicate a solution heat-treated aluminum 
alloy, what letter follows the alloy designation 
number? 



0 



i3i 



6. D - In the nonheat-treatable 
class, strain hardening (cold-working) 
is the only tfeans of incrieasing the 
tensile strength. (Page 1-4) . 



'7. C- The letter W indicates solution 
heat treat.ed. (Page 1-5) 



A. O 

a t 

C. W ^ ' 

' D. H ; . « . 

8. Titanium parts provide! good corrosion re- 
sistance and moderate strength up to 

•F. 



8. A - Titanium and titanium alloys 
are used chiefly for parrs which re- 
quire good corrosiQn resistance, moder- 
ate strength up to 600°F, and light 
weight. (Page* 1-8) 



A. 600 
a 800 

0 C. 1,000 
. ' D. 1,200 

9. What copper alloy provides fatigue and wear 
resistance high enough to be used for precision 
bearings and nonsparking tools? 

"A* Aluminum 

B. Beryllium 

C. Manganese 
. D. Silicon 

Iti. The tensile strength of monel can be in- 
creased from 65,000 psi to 160,000 psi by 
i means of . 



i 



A. annealing 

a casehardening 

C. cold-working 

D. normalizing 

11. When you are selecting a substitute material 
for the repair of an aircraft, the MOST important 
requirement is maintaining the 'original . 

* A. strength 

B. contour 

C. weight 

D. corrosion- res istance 



9. B - Thei^resistance of beryllium * 
copper to fatigue and wear makes it 
suitable for diaphrams, precision 
bearings and bushings, ball cages, 
spring washers, and nonsparking tools. 
(Page 1-9)** 



10. C - monel has a tensile strength 
of 65,01)0 psi which, by means of cold- 
working, may be increased to 160,000 
psi. This allows this metal to 
classification with the tough. alloys* . 
(Page 1-9) 

11. A - There are four requirements 
that you must keep clearly in mind in 
this selection. The first and most 
important of these is maintaining the 
original' strength of the structure. 
(Page 1-10) 
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Use the rivet code mnnBer MS20470AD5-<T 
to answer questions 12 through 14. 



12. What is the head shape code? 

A. MS20 

B. 470 ' * 

C. AD 

D. 5 

13. What is the alloy code? 

A. MS20 
a 470* 

C. AD 

D. 5 

14. The length of *the rivet is 
an inch. 

A. 1/8 

B. 5/32 

C. 1/4 

D. 5/16 



12. B - Figure 2-2 (Page 2-2) 



of 



13. C - A letter or letters following 1 

the head-shape code identify the 

material or alloy from which the rivet 
was made. • (Page 2-2) 



14. C - The allpy* code is followed 
by two numbers serrated by a dash.. 
The second number is the .numerator of 
a fraction *in sixteenths of 'an inch 
and identifies the length of the 
rivet./ (Page 2-2) 



15. A 2117-T4 aluminum alloy rivet is identi- 
fied toy a/an on the head. 

A. indented dimple 

B. raised teat 

C. raised double dash 

D. raised cross 

\ 

16. After heat treating and quenching, 2017 and 
2024 aluminum alloy rivets must be driven within 

a MAXIMUM of minutes, unless 

refrigerated. 

A. 10 * 

B. 15 " 

C. 20 

D. ^ 25 



15.* A - Figure 2-3 (Page 2-3) 



116. C - 2017 and 2024 rivets must be 
driven/wi thing 20 miriites after quench- 
ing, ett they must, be refrigerated at 
32 F. or lower, which will *d[elay the • 
aging* time 24 hours. (Page. 2-2) 



17. What ii the height of the upset head of a 
properly driven rivet? 

A. Equal to the original diameter. 

B. One-half the original diameter 

C. One-half the original'length 

D. One-fourth the original length 



17. B - The upset head should be 
one-half the original diameter in 
height. (Page 2-4) 
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18. What is the MAIN difference between the 
friction lock and mechanical lock self-plugging 
rivets? 

.A. Rivet material 6 

B. Pin length 

C. Shear strength 

D. Pin retention method 

19. You are using a pneumatic pulling tool on 
a 'specific size . mechanical -lock blind rivet. 
When should you check the 'tool. gage for proper 
air pressure? 



A. 



C. 
D. 



After pressing and releasing the trigger 
as the valve shifts 

After holding the trigger fully depressed 
until the .valve has shifted 
Before the air compressor cuts put 
While driving a saniple rivet 



20. To install a mechanical lock self-plugging 
rivet in a hole <where tfiere is insufficient space 
behind the hole, you should . 

A. force • the pin into the shank until the . 
head touches the e^pf the shank 

B. drill the hole oversize and partially 
- swell the rivet 

C. use a "rivet one length shorter 

D; cut off part of the stem head and par- 
tially swell the rivet 

21. the FIRST step in the removal of a mechan- 
ical lock sel/-plugging rivet is to . 

A. center punch the pin and AilL^hrough 
the head 

B. file a flat on the pin and head 

C. remove the locking collar with a sharp 
chisel 

D. shear the lock by driving out the pin 

22. Rivnuts are primarily used as . 

A. primary Structure rivets 

B. secondary structure rivets 

C. a nut plate 

D. attaching points for accessories 

23. If the material is too thick to use a Rivnut 
keyway cutter to form the keyway, you should use 
a . 

A. small twist drill 

B. small round file 

C. rod saw 

D. nibbler 



18. D - The main difference between 
the friction lock and mechanical lock 
rivers is in the method of pin reten- 
tion. (Page 2-6) 



19. A - Press the trigger ajid release 
it the instant a puff of exhaust indi- 
cates that the shift valve controlling 
the ifiner anvil has shifted. The gage 
will then indicate the shift pressure. 
(Page -2-10) 



20. A - If there is insufficient space 
between two surfaces to insert the rivet, 
the pin may be forced into the hollow 
shank until the head of the pin just 
touches the end of the shank. (Page 
2-11) 



21. D - Shear the lock by driving out 
the pin, using a taper^i^St^el drift pin 
not over 3/32-inch diameter at the small 
end. (Page 2-13) 



- Rivnuts are primarily used 
late, as in the attachment 
fcts. (Page 2-13) 




Sometimes the keyway cutter 
cannot be used because the material is 
too thick. In this case, use a small 
.round file to ffltm the keyway. 
(Page 2-15) 
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24. fn a Hi-Shear rivet collar code number, 
an "A M before the dash number indicates 



A. JBf, of the collar 

B. thickness of the .collar 

C. an aluminum alloy collar 

D. size of the rivet the collar fits 



25. 
by. 



Retention of a lockbolt pip is accomplished 



A. creating an upset head with a bucking bar 

B. torquing a locknut on the threads 

C. torquing a collar on the threads wltH 
a wrench 

D. swaging a collar into' the locking grooves 
on the pin 

: 

26. When installing a HfH»ok~fastener, you 
should keep the pin from turning with . 



A. an Allen wrench ' 

B. a socket wrench 

C. channel -locks 

D. vise-grips 



24. C - An "A" before the dash number 
indicates an aluminum alloy collar. 
(Page 2-17) 

t • . 



25. D - Lockbolt pin retention is 
accomplished by swaging the collar in- 
to the locking grooves on the pin. 
(Page 2-20) 



26. A - Insert the proper size Allen 
wrench into the hex fecess of the pin 
and, using a ratchet or open-end wrench, 
rotate the collar clockwise '-until the 
wrenching device of the collar has 
been torqued off. (Page 2-21) 



27. To seat a Taper-Lok fastener, you should 



/ 



A. tap the fastener head with^A 16 -ounce 
plastic mallet 

B. pull the fastener into place with nut 
torque 

C. use the proper size pulling tool 

D. use 10 to 30 pounds of finger pressure 

What are the head styles available for ' 



28. 
Jo-Bolts? 



A. 78-degree flush head and hexagon pro- 
truding head 

B. 83-degree flush head, hexagon protruding 
ijead, and 100-degree flush millable head 

C. 100-degree flush head, hexagon pro- 
truding head, and 100-degree flush mill- 
able head 

D» 100-degree flush head and brazier head 



27. D - Seat the fastener with 10 to 
30 pounds of finger pressure. If a 
sealant-coated fastenet will not 
sufficiently engage the hole taper with 
finger pressure and the nut does not 
engage # the threads, it is permissible 
to lightly tap the fastener head with 

a plastic-tipped mallet of not more than 
12 ounces. (Page 2-23) 

28. -C -VThe head styles available for 
Jo-Bolts are the 100-degree flusfc head, 
hexagon. protruding head, and the 100- 
degree flush millable head. (Page 2-24) 
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NOTICE TO STUDENT 



The primary purpose of this self-paced, non-resident training pamphlet is to present a. 
general overview of the harmful effects caused by corrosion and to familiarize all aviation 
rates with the theory of corrosion, corrosion detection and identification, corrosion removal, 
and metal surface preservation. The pamphlet contends based on the Enlisted Qualifications 
Manual (CG-3 11). * 

IMPORTANT NOTE: This text has been compiled for TRAINING ONLY. It should NOT be used 
in place of official d irectives or publications. The text information is current ^Jgjo™ 
references listed.' You should, however, remember that it is YOUR responsibility to keep up 
with the latest professional information available for your rating. Current information is 
available in the Coast Guard Enlisted Qualifications Manual (CG-311). 



This text provides information on: 

Corrosion 

Introduction 
Theory of Corrosion 
Forms of Corrosion • 

Inspecting for Corrosion 
Preventive Maintenance 
Light Corrosjon Removal and Preservation 
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Each assignment is divided into three parts: 

Reading-assignment and objectives 
Reading material 3 

Self -quiz with' answers ancl references. The answers are located on the page(s) 
. immediately following the quizzes. * » 

In addition to the self -quiz after each assignment, a pamphlet review quiz is provided at the" end 
of the -pamphlet. (In most courses). • - 

The objectives for each assignment should lead you in the right direction for study purposes. 
The self-quizzes test your mastery of the objectives. The quizzes allow you to score yourself. If 
properly used, the. quizzes will help you in preparing for your End-of -Course Tes^and your 
Servicewide Exam /You must understand all the material to pass the EOCT. Your success in a 
course depends entirely on YOU and YOUR determination to achieve. 

When you have Completed all the assignments for this course and mastered each objective, you 
should have a thorough understanding of the material and should be ready to pass your EOC J. 
You will not find any of the quiz items or review- items on the EOCT. ^ - ' 

REMEMBER — You must receive a score of 80% or bettfcj^to pa§s ike End-of -sCourse Test. You 
should use your spare time, to REVIEW the material before yoij take the EOCT. 

SWE STUDY SUGGESTION: Servicewide exam, questions for your rate ethd pay grade are based 
on the Professional and. Military Requirements sections of the Enlisted Qualifications Manual^ 
(CG-311). If you use the references from this text and consult the Enlisted Qualifications 
Manual, you should have good information for review when you prepare for your servicewide 
exam. x ' * 

" This course is t>nly one part of the total Coastguard training program. By its very nature, it 
can take you only part of 'the way to a training goal. Practical experience, schools, selected 
reading, and the desire to accomplish are also necessary to round out a successful training 
program. 
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HOW TO STUDY THIS COURSE 



Ypu can remember more of what you read if you 

< < 

a "Look over" the reading assignment first. Read the objectives and 
section headings, and look at the pictures. This gives . you an idea of 
what to expect in the reading assignment and helps you understand 
' the objectives. 

G) Question the reaoing material* Ask yourself questions about a 
• Ch heading or'a picture to help you remember what you read. ^ 



«} Note points to review later. Don't just ruri your eyes over a page. , 
<£) Underline important facts and make notes ih the margin. 



X\ Close your pamphlet and ceae^t important (Joints out loud. Discuss 
the reading assignment \ffifljfcpfaeone if possible. This helps you 
• recall information for a q^ffr end-of -course test., 

na Review your underlined material, notes, quizzes, and objectives. 
* <2) This also helps you remember what you read. 




underline, question, or review, 
this is how much you are likely 
to remember'. 



If you just read and do NOT 
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OBJECTIVES 



When you complete this section, you will be able to: , 

"l. Describe the devastating effects corrosion can have on aircraft, aircraft 
components an<f systems, and, ultimately, flight safety. 

2. Explain. the theory of corrosion. 

3. State the forms of corrosion and describe the appearafice~df each.. 
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INTRODUCTION 



Modern high-speed aircraft depend upon the 
structural soundness of the metals used to make 
modt of the aircraft parts. The greatest threat 
to structural., integrity of Coast Guard aircraft 
is metals corrosion. Aircraft mgtals must meet 
demands for greater strength and closer tol- 
erances of flight safety. Because of these demands, 
aircraft would rapidly become inoperative without 
regular anticorrosion attention. 



EFFECTS OF CORROSION 



Corrosion endangers the aircraft by reducing 
the strength and changing the mechanical char- 
acteristics of the materials used in the aircraft's 
construction. Materials are designed to carry 
certain loads and withstahd given stresses as 
well as provide an extra , margin of strength 
for safetyT^Corrosion can weaken the structure 
and reduce or eliminate this safety factor. Re- 
placement or reinforcement operations are costly, 
time-consuming, and reduce usage of the air- 
craft/ SevejfiL^orrosion can cause failure of parts 
or sys tejrfsT^ Thi^ failure is an obvious danger. 
Corrosion in vital systems can cause malfunc- 
tions that endanger the safety of flight, and such 
dangers re emphasize the importance of cor- 
rosion control. 

-f e 

The microscopic debris given off as a by- 
product of corrosion can cause INTERMITTENT 
circuit operation. This problem can involve many 
nonproductive hours of troubleshooting. 



Many technicians may recognize the specific 
malfunctioning component, but may not be able 
to determine all the factors contributing to the 
malfunction. Age or overloading can cause phys- 
ical and internal breakdown of discrete com- 
ponents (both active and inactive). However, some 
problems can be a direct result of contamina- 
tion and/or corrosion. 

The rate of corrosion is determined by the 
equipment's operating environment, construction 
materials, and protection; Avionips equipment, 
whether unused or operated,, may be* subjected 
to long periods of temperatiire and humidity 
changes. This equipment frequently deteriorates 
and fails from the effects of moisture and fun- 
gus growth. When fungus appears, the adverse 
condition produced by moisture is intensified. 
Exposure of components to continuously warm, 
damp air cause? condensation of atmospheric 
moisture. This moisture forms electrical leakage 
paths which promote corrosion. 

Most structural parts can withstand more 
severe attacks, of corrosion than internal com- 
ponents can. However, corrosion of structural 
avionics components can cause possible failure 
or destruction of what would otherwise be a 
serviceable piece of equipment. For example, 
a transmitter is just so much excels weight 
if the transmitter antenna is destroyed by cor- 
rosion. 

Some malfunctions, such as those by com- 
ponents attacked by visible corrosion, are obvious 
and usually easy to locate. Other circuit mal-> 
functions, such as reduced signal strength, may 
require sensitive test equipment to detect and 
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isolate the fault affecting the circuit Much 
more difficult to isolate, however, are inter- 
mittent signals and , current leakages to un- 
desired locations or components. Contaminants, 
the causes of corrosion, are often the unknown 
and unseen, reasons for early system malfunc- 
tions. Contaminants *.and moisture can combine > 
to create acids or electrolytes that have corrosive 
effects on components. Cleanliness of avionics 
components is the key to preventing this condi- 
tion. To have a relevant avionics corrosion con- 
trol program, maintenance personnel at all levels 
must emphasize cleanliness. . v ' 

CORROSION PROCESS 



Metals corrosion is thev deterioration of 
metals as they combine with c^cygen to form 
metallic oxides. This combining is a chemical 
process which ii essentially the reverse of 
the process of smelting the metals from their 
ores. Very few metals occur in nature in the pure 
state. For the most pari, metals occur naturally 
as metallic oxides. These oxides may also be 
mixed with other undesirable impurities in the 
ores. The refining processes generally involve 
the .extraction of relatively pure metal from its 
ore and the addition of other elements (either 
metallic or nonraetallic) to form alloys. Alloying 
constituents are added to base metals to develop 
a variety of useful properties. For example, in 
aircraft structural applications, high strength- 
to-weight ratios are the most desirable pro- 
perties in all alloys. 

After refining, regardless of whether or not 
alloyed, base metals' possess a potential or 
tendency to return to their natural state. How- 
ever, potential is not sufficient in itself to 
initiate and promote this reversion. There must 
also exist a corrosive environment, in which the 
significant element is oxygen. f The process of 
oxidation-combining with oxygen-causes wood to 
rot or burn and metals to corrode. 



CORROSION CONTROL 



Control of corrosion depends upon maintain- 
ing a separation between susceptible alloys and* 
the corrosive environment The metals are pro- 
tected in various ways. A good intact coat 




Figure 1. — Simplified corrosion cell. 



of paint provides almost all of the corrosion 
protection on Coast Guard aircraft. Sealants are 
used at seams and joints to prevent entry of 
moisture into the aircraft; preservatives are 
used on unpainted areas of working parts; and 
shrouds, covers, caps, and Qther mechanical 
equipment provide varying degrees of protection 
from corrosive media. None, of thes$, however, 
provide 100 perqent protection in the long run- 
paint is subject to oxidation and decay through 
weathering; sealants may work out by vibratjqn 
or else be eroded by rain and windblast. Pre- 
servatives at best offer only temporary pro- 
tection when used on operating aircraft, and 
the mechanical coverings are subject to improper 
installation and neglect. Control of corrosion pro- 
perly begins with an understanding of the causes 
and nature of this phenomenon. 



THEORY OF CORROSION 



Engineers have established that corrosion 
of metals is accompanied by both a chemical 
change and the production of electrical energy. 
This information tias led to the general acceptance 
of the electrochemical theory of corrosion. Ac- 
cording to this theory, corrosion is caused by 
electrochemical or direct chemical reaction of 
a metal with other elements. In the direct 
chemical attack,* the reaction is similar to that 
which occurs when acid iSy applied to bare metal. 
Corrosion in its most nmnliar form is a 
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reaction between metal and water and is electro- 
chemical in nature. 

In the electrochemical attack, metals of 
different electrical potential are involved; and 
they need not be in direct contact For example, 
let's consider two metals. One metal contains, 
positively charged ions, and the other contains 
negatively charged ions. When an electrical con- 
ductor is bridged, between the two metals, cur- 
rent will flow as in the- discharge of a dry cell \ 
battery. In electrochemical corrosion, the con- 
ductor bridge may be any foreign material such 
as water, dirt, grease, or any debris that is 
capable of acting as an electrolyte" The pre- 
sence of salt in ahy of the foregoing mediums 
tends to accelerate the current flow and hence 
speed the Ate of corrosive attack. 

Once the electrical couple is made, the elec- 
tron flow is established in the direction of the 
negatively charged metal (cathode). The positively 
changed metal (anode) is eventually destroyed. ' 
All preventive measures for corrosion control 
are designed primarily to prevent the establish- 
ment of the electrical circuit. However, if the 
circuit is established, it should be removed 
as soon as possible before serious damagfe can 
result Figure 1 shows the electron flow in a 
corrosive environment; the anodic area is being 
destroyed. Note that the 'surface of a metal, 
especially alloys of the metal, may contain 
anodic and cathodic areas. These areas are due 
to impurities or alloying constituents which hav^ 
different potentials than the base metal. 

The evidence of electrochemical attack is in^ 
several forms. The form depends upon the metal 
involved, its size and shape, its specif ic function, 
atmospheric conditions, and the type of cor- 
rosion-producing agent (electrolyte) present A 
great deal is known about many forms of metals 
deterioration resulting from electrochemical at- 
tack. But despite extensive research and ex- 
perimentation, there is still much to be learned 
about other, more complex and subtle forms. 
Eater in this section, we will discuss the common 
forms of corrosion found on airframe structures 
and components. 

Many factors contribute -to corrosion. When 
selecting materials, the aircraft manufacturer's 
primary consideration must be weight versus 
strength. Corrosion properties of the materials 
should be a secondary consideration. In the 0 



interest of aerodynamic efficiency, even the 
number of drain boles is limited until accumu- 
lated operational " data shows a greater drain 
requirement During aircraft design and pro- 
duction, close attention is also given to heat 
treating and annealing procedures, protective 
coatings, choice and application of moisture 
barrier materials, dissimilar metals contact, 
and access doors and plates. In other words, 
aircraft manufactuters take every logical pre- 
caution to' inhibit the onset and spread of cor- 
rosive attack. 

There are many factors that affect the type, 
speed, cause, and seriousness of metal corro- 
sion. \Some of these corrosion factors can be 
controlled; others cannot. Preventive maintenance 
factors such as inspection, cleaning, painting, 
and preservation are within the control of the 
operating unit. These factors offer the most 
positive means of corrosion deterrence. 

The electrochemical reaction which causes 
metal to corrode is a much more serious factor 
under wet, humid conditions. The salt in sea 
water and in the air is the greatest single cause 
of aircraft cprrosidn. Hot ; climates speed the 
corrosion process because 'the electrochemical 
reaction develops fastest in a warm solution. 
Warm moisture in the air is usually sufficient 
to start corrosion if the metals are uncoated. 
As would be expected, hot dry climates usually 
provide relief from constant corrosion problems. 
Extremely cold climates produce corr6sion pro- 
• blems if a salt atmosphere is present Melting 
snow or ice -provides the' necessary water to 
begin the electrochemical reaction. 

Thick structural sections of material are 
subject to corrosive attack because of possible 
variations in their composition, 'particularly if 
the sections were heat treated during fabrica- 
tion. Similarly, when large sections are machined 
or cut out after heat treatment, thinner sections 
have different physical characteristics than the 
thicker areas. In mo3t cases, a difference in 
physical characteristics provides enough dif- 
ference in electrical potential to render thepi^ce 
highly susceptible to corrosion. Another corrosion 
factor regarding size of materials lies in the 
area relationship between dissimilar metals. For 
example, assume that two dissimilar metals 
are used where possible cpnitact may develop. 
If "the more active metal is small, compared 
to the less active one, corrosive attack will 
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Figure 2. — Effects of area relationships "* 
in dissimilar metal contacts. 



be severe and extensive if the insulation fails. 
If the area of the less active . metal is small 
- compared to the other, anodic attack is relatively 
slight 'Figure 2 illustrates^ this factor. 

One of the biggest problems in corrosion 
control is in knowing what materials to use, 
where to find them, and what their limitations 
are. Materials used should be covered and con- 
trolled by military specifications; the preferred 
materials are those authorized specifically for 
use on aircraft. Materials, methods, and techni- 
ques used/ in corrosion control ate discussed 
in mj&y directives' and instructions. This in- 
formation is constantly being revised as better 
chemicals and protective methods are developed. 
The fallowing sources of information should 
be readily available in every unit's technical 
library or in the various maintenance shops. 



1. Aircraft Cleaning and Corrosion Con- 
trol for Organizational and Intermediate Main- 
tenance Levels, NAVAIR 01-1A-509. 

2. Cleaning of Aerospace Equipment, T.O. 
1-1-1. 

3. Corrosion Prevention and Control for 
Aerospace Equipment, T.O. 1-1-2. 

4. Preservation of Naval Aircraft, NAVAIR 
15-01-500. 

5. Cleaning of Gas Turbine Engines and 
Parts, T.O. 2J-1-18. 

6. Corrosion Control of Gas Turbine 
Engines, T.O. 2J-l-i8. 

7. Preservation of Aircraft Engines, NAV- 
AIR 15-02-500. 

i 

8. Manual for Prevention and Control of 
Corrosion and Fungus in Communications /Elec- 
tronic, and Meteorological Equipment, T.O. 1- 
1-689. 

9. Aviation Life Support Systems Manual, 
CG-429. 

10. Chart-fcleaning Materials forjtfaval Air 
Systems - Maintenance and Overhaul Operations, 
NAVAIR 07-1-503. 

11. Chart-Corrosion Preventive Compounds 
Used by Naval Air systems Command, NAVAIR 
01-1A-518.. 

12. Corrosion Control, Cleaning, Painting, 
and w Decontamination. (One volume of the Main- 
tenance Instructions Manuals for all late-model 
aircraft discusses .these subjects.) 

13. Periodic Maintenance Requirements 
Cards and CMS Maintenance Procedure Cards 
(as applicable). 

FORMS OF CORROSION 



Corrosion is visible, in many forms and is 
typed in various ways. For descriptive purposes, 
the forms are discussed under their commonly 
accepted titles: uniform etch, pitting, inter- 
granular, exfoliation, galvanic, concentration cell, 
v stress, and fatigue. 



UNIFORM ETCH 



PITTING 



Uniform 0 etch corrosion is a result of a 
direct chemical attack on a metal surface. 
These chemical attacks may be from salts 
deposited from coastal operations, urine spray; 
battery acid spillage, or gases absorbed from the 
environment Three factors that can result in 
a, cyclical action of this type of corrosion are: 
\i) chemical. (2) water, and (3) oxygen. 

* Let's use carbon dioxide and iron in our 
example of a possible uniform etch reaction. 
The carbon dioxide reacts with water, to form 
carbonic acid. The carbonic acid reacts with the 
iron to form ferrous ions. The oxygen in the 
solution oxidized the ferrous ions to ferric ions. 
This action sets the carbon dioxide fre,e. The 
hydrogen has also been oxidized to form water,. 
Now the carbon dioxide and water can re combine 
and repeat their corrosive cycle. 



Some factors influence the uniform destruc- 
tion of metal surfaces, whereas other factors 
influence the localized attack commonly called 
pitting corrosion. This localized attack can be 
attributed to any of the factors, previously dis- 
cussed, Which alter the size of the anodic or 
cathodic areas on a metal surface. Small, evenly 
distributed anodic and cathodic areas result in uni- 
form corrosion, whereas large areas of either 
produce pitting corrosion. 

Pitting corxpsion of. aluminim or magne- 
sium is first noticed as white or grey powdery 
deposits that blotcfr the metal surface. The pitting 
of iron will produce red and brown deposits. 
When these deposits are cleaned away, tiny pits 
or holes may be found. 



INTE RGRANULAR 



On a polished surface, uniform etch is 
first seen as a general dulling of the surface. 
If such corrosion Is allowed to continue, the 
surface becomes rough and possibly frosted in 
appearance. 



Intergranular corrosion is a selective attack 
along the grain boundaries of a metal. A highly 
magnified cross-section of an alloyed metal 
shows the granular structure of that metal. 



ELECTROLYTE ENTERS 
THROUGH CRACKS IN 
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Figure 3. — Intergranular corrosion of aluminum adjacent 
to a steel fastener. 
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This structure consists of quantities of indi- 
vidual grains, each grain having a definite grain 
boundary. \ 

Intergranular corrosion, as shown in figure 
3, is caused by the alloying elements precipitating 
out of the grain into or near the grain boundary. 
The grain, losing its alloying elements, be- 
comes anodic, to the surrounding grains. In the 
presence of an electrolyte, current flows and 
rapid intergranular corrosion occurs. 



EXFOLIATION 



Exfoliation corrosion* is a visible form of 
intergranular corrosion. The expanding cor- 
rosion products, just below the metal surface, 
cause, a blister to form. Exfoliation corrosion 
is usually found on extruded metals. The blisters 
generally appear where the extruding dies have 
forced the metal crystal structure to change 
direction. » ' 

GALVANIC 



The theory of galvanic corrosion is fully 
explained by the electrochemical theory of cor- 
rosion. When two dissimilar metals are coupled 
together in the presence of an electrolyte, 







TABLE 1 
Grouping of Metals, and Alloys 


Group I 




Magnesium and its alloys. 


Group II , 




Cadmium, Zinc, and Aluminum and their alloys 
(including the aluminum alloys in Group I). 


Group III 


i 

1 


Iron, Lead, and Tin and their alloys (except stain- 
less steel). 


Group IV 

* 


Copper, Chromium, Nickel, Silver, Gold, Platinum, 
Titanium, Cqbalt, and Rhodium and their alloys; 
Stainless Steel* and Graphite. 


it Metals 


classified 


in the same group are considered similar to one a no trier. 


2. Metals 


classified 


in different 'groups are considered dissimilar to one another. 



galvanic corrosion occurs. Galvanic corrosion 
is usually recognized by the presence of the 
corrosion deposits at the place where the metals 
are Joined together. A prime example is a brass 
bolt attached to an aluminum panel, as shown 
in figure 4. 

All commonly used metals cause magne- 
siun to corrode. Therefore, metals or fasteners 
that are to be in contact with magnesium should 
be close to magnesium in electrical potential. 

The groups of metals and, alloys shown in 
table 1 are considered to be similar in potential 
in each group. The combining of metals within 
a group usually reduces the ' rate of galvanic 
corrosion, whereas the combining of metals from 
different groups increases the rate of corrosion. 

When practical, use rivets, bolts, and nuts 
that are of the same material as the main 
stfucture. When it is not possible to use the 
same material, use sacrificial washers, insulating 
tape or sealant to isolate the galvanic couple* 

CATHODE v BRASS BOLT ALUMINUM ' 
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Figure 4, — Galvanic corrosion. 
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Galvanic corrosion is not limited to easily 
recognizable dissimilarities. It can also occur 
in the following examples: 



is anodicS^ ol< 



1. New metal is anodic "H^ old metal. 

2. Cut surfaces are anodic to normal sur- 
faces. 

3. Stressed surfaces are anodic to non- 
. stressed surfaces. 

4. Surface imperfections and impurities are 
anodic to normal surfaces. 



FATIGUE CORROSION 



Fatigue corrosion is a special form of 
stress corrosion. It is produced by the effects 
of an alternating cycle stress and a< corro- 
give environment. Fatigue corrosion failure, ^n- 
erally occurs in' two^. stages. During the first 
stage, the combined action of corrosion and 
the cyclic stresses damages the metal by form- 
ing pits. Any further cyclic action causes the 
stresses to concentrate in the vicinity of these 
pits. 3 , ' v 



CONCENTRATION CELL 



In the second stage, the concentration of 
stresses causes clacks to develop in the base 
of the pits. The cracks develop rapidly and 
gradually penetrate the section until fracture 
Just as two dissimilar metals Joined to- occurSf ^ shown in figure 5. Fatigue corrosion - 
gether will cause corrosion, so will dissimilar \ crack3 ^ different from stress corrosion cracks 
conditions within the^ electrolyte cause cot- in that fatigue cracltikgenerally run across the 
rosion. This may be <due to different substances structure offli metal, 

in the solution or to varying concentrations £ ' 
of these substances. Generally, metals in mon^|\tV % r 

concentrated solutions will be anodic to metalf\AT* Generally, fatigue corrosion cracking oc- 
in -contact with the diluted part of the solution. JF&urs Ult Below the normal design fatigue limits 



Concentration cells aae formed whenever the dis 
solved oxygen is not qniform „ throughout the 
entire solution. 



STRESS CORROSION 

• . \ : 

Stress corrosion is produced by the simul- 
taneous effects of tensile stress and a cor- 
rosive environment. When a part in a stressed 
condition is in contact with an electrolyte, severe 
corrosion can occur. This happens because the 
stressed area of a part is anodic to an uns trussed 
area. 

Internal stresses may be produced by non- 
uniform detormation^during cold working, suph 
as bending a piece of metal, driving rivets, 
bolting, or by press fitting. Any metal that has 
been cold-worked should be stress relieved 
(annealed) before being subjected to a corrosive 
environment. 

Generally, /stresses in the neighborhood of 
the yield strength of the metal are. necessary 
to cause stress corrosion cracking. When a 
crack appears, . it usually runs parallel to the 
granular structure of the metal. 



of the metals. This happens even though there 
is little evidence of actual corrosion. For this 
reason* metals subjected to alternating cyclic 
stresses, must be protected, even in mildly 
corrosive environments. 

We will discuss the forms of corrosion in 
greater detail in another section of this pamphlet. 




Figure 5, — Fatigue corrosion. 
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SELF-QUIZ #1 < . 

PLEASE NOTE: Many students study ONLY the self-quizze? and pamphlet review ^iz, thinking 
that this will be enough to pass the End-of -Course Test . THIS IS NOT TRUE. The End^Course Test 
is based on the objectives of this reading assignment, the text, and the poin s of knowledge tested 
in this self-quiz. To pass the EOCT, you must study all the course material. 



1. What is the key to preventing contami- 
nant corrosion that causes irttermittent 
signals and current leakages in electronic 
systems? 

2. Metals corrosion is the deterioration of 
metals as they combine with . 

3. All corrosion control measures are de- 
signed to prevenj the establishment of an 

between metals. 

T 

i+s At an ^{Derating unit, the MOST positive 
m'eans of corrosion deterrence is inspection, 
cleaning, painting, and . 

y. The electrochemical reaction which 
causes metal corrosion is greatly increased 
under J conditions. " 

6. Two dissimilar metals are in contact. 
If the smaller metal is more active than the 
larger metal, the corrosive attack will be 



8. What type of corrosive attack first ap- 
pears as a white or grey powdery deposit that 
blotches the- metal surface of alummum or 
magnesium? % ^ 



7. The result of a direct chemical attack 
on a metal surface is corrosion. 



9. A corrosive attack along the grain 
boundaries of d metal is corrosion. 

10. Exfoliation corrosion, which is a blister' 
on the m^tai surface, is a visible form of 
corrosion. 

11* What type of .corrosion forms .around 
the head of a brass' screw in an aluminum 
A panel? 

12. Concentration cell corrosion is caused 
by differing conditions within an _. 

13. When a metal part in a stressed con- 
dition is in contact with an electrolyte, what 
form of corrosion results? 

1<*. A metal part undergoing alternating 
cyclic stresses in a corrosive environment is 
affected by corrosiort. 



\H0- 



ANSWERS TO SELF-QUIZ #1 

Following are the correct answers apd references to the text pages which cover each 
uestion an,d correct answer . To be sure you understand the answers to those questions 
&u missed; you should restudy the referenced portions of the text. 



1. Cleanliness. (Page 2) 

2. oxygen (Page 2) 

3. electrical circuit (Page 3) 

4. preservation (Page 3) 

5. wet, humid (Page 3) 

6. severe (Page 3) 

7. uniform etch (Page 5) » 



8. < Pitting corrosion (Page 5) 

9. intergranular (Page 5) 

10. intergranular (Page 6) 

11. Galvanic tPage 6) ' 

12. electrolyte (Page 7) \ 

13. Stress (Page 7) 

14. fatigue (Page 7) 
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INSPECTING FOR CORROSION 



OBJECTIVES 



When you complete this section, you will be able to: 



1. Describe thej^ihi^forms of cdrrosion on unpainted and painted sur- 
faces. -- 

2. Explain how to use a dial indicator to determine the extent of cor- 
rosion. 

3. Identify the aircraft areas which are highly susceptible to corrosion. 



INTRODUCTION 



No matter how we stress the effects of cor- 
rosion on various metals, equipment stili comes 
Into our shops for major repairs because of cor- 
rosion damage. This problem can be prevented 
if corrosion is detected in its early stages. 

Minor corrosion in undetected areas may soon 
create safety hazards or cauie equipment to 
function improperly. If corrosion is uncontrolled, 
it may. develop into major repairs or complete 
loss of equipment.' Corrosion must be. detected 
and controlled at the unit level. Fcftr this reason, 
units must perform a definite, scheduled inspec- 
tion. 

Even with a scheduled inspection, our cor- 
rosion problems will not be solved unless you 
are aware of the areas that are prone to cor- 
rosion and know what to look for in these areas. 
Naturally, there are directives telling us to in- 
spect certain area?— exhaust path, urine spray, 
and such— at frequent intervals. But what about 
other areas that are highly prone to corrosion? 
They are often easy tti overlook or forget* One 
of thesd areas is avionics equipment. ■ 

Corrosive attack on avionics materials can 
have severe effects on computer, radar, elec- 
trical, instrument, and COM/NAV systems. 
Typical effects to avionics equipment subjected 
to corrosion are as follows: 

1. Connectors, plugs, jacks, cables. Cor- 
roded pins, contacts, shells, wires, disintegrating 
insulation, components may open/close. (Figure 6) 



2. Relays, switches, pilot lamp/indication 
systems. Contacts, mechanical action impaired. 
Corroded sockets and lamp bases. 

3. Motors. Intermittent operation or im- 
proper positioning, v 

4. Antenna systems. Shorts or changes in 
circuit constants, presence of moisture, internal 
pitting of walls and joints, reduced effectiveness 
of gaskets, damage or loss of finish. , 

One of the most corrosion-prone components 
of avionics equipment is the antenna. Frequently, 
it is the last component to be suspected in re- 
sponse to flightcrew complaints. Yet, the antenna 
ha& often been the reason transmitters/receivers 
are pulled, bench-tested, found operational and, 
in many case^, returned and reinstalled with- 
out further troubleshooting. Such discrepancies 
are subsequently chalked up to crew error. 
Corrosion on antennas has been known to cause 
a system to malfunction during bad weather, 
yet operate normally during good weather. 

Antenna and antenna mount corrosion is es- 
pecially common to pressurized aircraft, parti- 
cularly in lower fuselage installations. Figures 
7 and 8 are examples of ra^ome separation 
caused by corrosion* It is a fact of life that 
fluids will collect in the lower bilges of aircraft. 
Upon pressurization, liquid contaminants such as 
water, oil, hydraulic fluid, etc. are forced into 
every available crack, crevice, or fitting. In 
some of these locations, waiting for destruction 
by corrosion, are the inverted antenna bottom, 
antenna mount fasteners, and associated con- 
riectors and cables. 
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Figure 8. - Corrosfon-caused radome deterioration and separation. 



' The lower fuselage antennas of nonpres- 
surized aircraft are subjected to the same pro- 
blems; the corrosion process just takes* a little 
longer to become established. 

5. Chassis, housing, mo unting frames, or 
access panels. Infected with contaminants, pitted, 
loss of finishl 

Chassis serve as mounting panels for most 
electronic components that interconnect to form 
an avionic unit. These chassis are also prime 
targets for corrosion. While a faulty component 
is being located and replaced, the chassis also 
is being subjected to handling abrasion, solder 
splashes, solder flux, etc. Each of these con- 
ditions could result- in corrosion development. 
The avionic chassis, with all its crevices, nooks, 
and crannies, is a prime collecting ground far 
infiltrating, airborne contaminants. 

*ctive finishes on access panels or 
covers ar^ particularly vulnerable to damage. 
• If left untreated, the damage results in cor- 
rosion.' In addition, salts and moisture from 
perspiraiion deposited on damaged covers can also 
promote corrosion. 



6. Water traps . Excessive moisture form- 
ing at a rate faster than can be evaporated. 

During maintenance, avionic system integrity/ 
is broken while a defective assembly is being 
replaced. In addition, seals are often left open 
for extended periods' of tirile until a replace- 
ment is received. Not only is the equipment 
expos^d to microscopic and contaminating debris, 
but condensation is likely to form inside the equip- 
ment. This condensation forms when systems cool 
after sitting in ajiot/humld area. If possible, 
before equipment ^is removed from the air- 
craft, a replacement should be on hand for im- 
mediate installation. If a replacement is not 
available, plastic caps should be used as a 
temporary measure to seal off necessary open- 
ings. Plastic cap^ will not prevent the formation * 
of moisture, but they will inhibit the intru- 
sion of solid/microscopic contaminants. If ad- 
hesive tape is used in the absence of plastic 
caps, all residue from the tape must be re- 
moved from all connecting surfaces before re- 
assembly. 

As you can see, corrosion can cause pro- 
blems in many areas of the aircraft, to help 
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you learn to control corrosion in its-early stages, 
we will discuss the techniques of detecting cor- 
rosion in areas that are highly subject to cor- 
rosion. 

CORROSION DETECTION TECHNIQUES 

Unfortunately, corrosion detection cannot 
be automated or based upon a rigicl system of 
preconceived Judgments. Therefore, we must rely 
on a personal visual inspection to identify the 
type of corrosion reaction and proficient use 
of corrosion inspection equipment to arrive at 
a proper course of action. - 

IDENTIFICATION OF THE TYPE OF CORROSION 

During your corrosion inspection, you must 
be able to identify the type of corrosion that has 
occurred. Being able to identify the type of reac- 
tion and its location will assist you in deter- 
mining the severity of the attack. 

Unpainted Surfaces 

Uniform Etch 

A chemical directly attacking a metal sur- 
face will produce uniform etch corrosion. If 
'the surface of the metal is highly polished, 
or if the anodic and cathodic areas are nearly 
equal, the corrosion will.be evenly distributed 
over the entire surface. Uniform etch corro- 
sion is first noticed as a general dulling of 
the surface. If the corrosion is allowed to con- 
tinue, the surface will become rough and frosted 
in appearance. 

Pitting 

Pitting corrosion is the localized attack 
caused by differences* in potential on the metal 
surface in the presence of an electrolyte. This 
corrosion is first noticeable by the white or 
grey powdery deposits that blotch the surface 
of aluminum or magnesium or by red or brown 
deposits on steels. When the deposits are brushed 
away, tiny holes or pits may be found. These 
holes may vary from deep pits of small dia- 
meter to relatively shallow depressions. Al- 
though pitting may occur in any metal system, 



it is, particularly characteristic of magnesium 
and aluminum alloys, steels, and stainless 
steel. 

Intergranular 

Intergranular corrosion is the destructive 
corrosive action taking place within the metal's 
grain structure. This action is due to differences" 
in the potentials of the metal's grains and the 
presence of an electrolyte. Intergranular Cbr- 
rosion is the most serious type of corrosion in 
that it is (generally not seen until the metal has 
failed. Intergranular corrosion may be found in 
unusual cases by examining the edge surfaces 
of metals, e.g,, cut edges or fastener holes. 

Exfoliation " 

Exfoliation corrosion is also the result 
of the corrosive attack along the grain boundaries 
of a metal. This corrosion is generally not as 
serious as intergranular corrosion in that the 
attack is just below the surface and shows it- 
self by lifting of the surface. The lifted surface 
is easy to detect. After the surface lifts or 
bulges, it falls away or peels off in flakes, 
layers, or scales. This action occurs when the 
grains of a metal are greatly elongated in one 
direction. When examined under a microscope, 
the layers of intergranular attack will appear 
as a definite separation of the grain layers. 
This layered structure is typical of that found 
in most aluminum alloy skins, piano hinges, 
wing blankets, and certain areas of .extrusions- 
such as those used for spars and longerons. 

Exfoliation is also found on extrusions, near 
the radii where the grain changes direction, or 
near a fastener installation. This type of cor- 
rosion is insidious in nature: in some cases 
serious structural weakening may occur before 
an appreciable amount of corrosion product ac- 
cumulates on the surface metal. 

Galvanic 

Galvanic corrosion occurs when two dis- 
similar metals are in contact in the presence 
of ah electrolyte. About 90 percent of an air- 
craft is constructed by the use of the alumimum 
alloys. These aluminum alloys are anodic to 
most of the other metals that are used. One 
aluminum alloy may also be anodic to another 
aluminum alloy, so the tendency for galvanic cor- 
rosion is always present on any aircraft surface. 
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Contact of aluminum with copper or its al- 
loys will cause a more severe galvanic attack 
than contact with the other common metals. 
Contact with steel will cause moderate corrosion 
of the aluminum in most atmospheres, whereas 
contact with corrosion-resistant steels will be 
less harmful than common steels. Magnesium and 
its alloys are anodic to the aluminum alloys. 
Therefore, contacts of this nature will cause 
severe galvanic corrosion, of the magnesium. 
However, such contact may also be harmful 
to the aluminum because magnesiuip may generate 
enough current to catjise cathodic corrosion of 
the aluminum. 

You may expect to fkid galvanic corrosion 
at any place on aircraft equipment where two 
dissimilar metals are joined together. (See figure 
9). Be especially alert for corrosion deposits,- 
e.£, red, grey, white, or brown around crevices, 
lap joints, and fasteners. 

Concentration Cell 

Concentration cell corrosion may be found 
wherever different ftreas on the metal are in 
contact with different concentrations of the same 
solution. Metal ion or oxygen cells may be found 
along a riveted lap joint. The cells Will first 
be noticed by a buildup of familiar corrosion 
deposits. Active-passive , cells may be found 
on unpainted metal surfaces that rely on a 
tightly adherent oxide film for corrosion pre- 
vention; such metals are clad aluminum, titanium, 
and corrosion-resistant steels. If these surfaces 
are allowed to collect mud or exhaust deposits, 
you may expect active-passiye cells to form. 
When the deposits are cleaned away, tiny pits 
may be found in the metal. 

S tress and Fatigue 

Stress and fatigue corrosion is the result 
of applied stresses in conjunction with a cor- 
rosive medium. Generally the failure of parts 
subjected to either stress or fatigue corro- 
sion starts as a simple electrochemical cell 
forming a pit. This causes the cycle or tensile 
stresses ' to concentrate in the area of the pit 
and a small. crack to form. The. .cracks may 
follow grain boundaries or may go across grains. 
Here are some examples pf parts susceptible 
to stress corrosion cracking: aluminum alloy 
bellcranks employing pressed-intaperpins, land- 
ing-gear shock struts with pipe-thread-type 



grease fittings, clevis joints, shrink fits, and 
exposed or overstressed tubing B-nuts. The 
corrosive medium then attacks the small crack, 
and the .cycle is repeated until the part fails. 

Failure is so far below the yield strength 
of the metal that corrosion deposits do hot have 
time to form before the actual fracture occurs. 
For this reason, areas subjected to repeated 
stresses must be closely inspected for any evi- 
dence of pit formation. 

Fatigjip corrosion attack is characteristic 
of any part under regular cyclic stressing, such 
as the walls of a cylinder in an engine. The 
walls are' subjected to cyclic explosions of the 
fuel mixture. Once attack begins, continuous 
flexing prevents the repair of protective sur- 
face coatings, and additional corrosion tttces 
place in the area of stress. It is difficult to 
detect this type of attack except as cracking 
develops. Frequently, by the time the corro- 
sion is noted, the only solution is replacement' 
of the part. 

Painted Surfaces 

Corrosion, on painted aircraft or equipment 
surfaces is hard to detect until the organic 
coating has failed. Corrosion may attack pro- 
tected metals if moisture is allowed to pene- 
trate the organic coating. If corrosion has oc- 
curred, the results may be shown* as a dis- 
coloration of the paint. For this reason, any 
painted area where the paii)t is discolored must 
be inspected for moisture entrance holes and 
possible corrosion. Paint removal reveals the 
full extent of corrosion as shown in figure 10. 



CORROSION INSPECTION EQUIPMENT 




^An item of equipment that you will be using 
in corrosion inspections is the dial indicator. 

Dial Indicators 

Dial indicators are used to measure the 
depth of corrosion pits. The purpose- of mea- 
suring the depth of pits is to determine the ex- 
tent of the corrosion that, is present. If the pits 
aife within allowable tolerances, as given in a 
specific aircraft publication, the area can be 
cleaned up in an acceptable manner. x If the 
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pits are not within allowable tolerances, the part 
must be replaced. 

Dial indicators are mechanical motion am- 
plifying devices. Very little movement of the 
contact point results in amplified movement of 
the pointer. The graduated dial behind the pointer 
designates the values for a given amount of 
pointer movement. The dial indicator must be 
used with one of its varied supports. * 



Dial indicators ape^tiseful when mounted 
and positioned relative to an established surface. 
The supporting block provides the reference sur- 
face or master standard from which measure- 
ments are taken. By using a tapered contact 
point* you can set the dial indicator to measure 
the depth of grooves, pits, and recesses. 

Set the g%ge at zero before trying to measure 
any pit depths. To zero the gage, loosen the 
bezel lock, shown in figure 11, and rotate the 
' bezel until the pointer is on zero. Place the 
support block over the pitted area and insert 
tf»e dial indicator into the block. With the tapered 
contact point in a pit, apply enough pressure to 
the dial indicator to move the pointer. Holding 
the indicator in this position, tighten the support 
block screw. This locks the unit to .the support 
block. You are now ready to take further readings. 

Place the support block over the corroded 
area and take readings at points A, B, and 
C, as shown in figure 12. By extending the 
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AND SQUARE TO 0.001 
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Figure 12. — Measuring depth of \ 
corrosion pits. 



contact point to the bottom of the pit, we obtain 
a reading of 0.0140 inch. Notice the positions 
and readings of the revolution counter and in- 
dicating hand in figure 12. The revolution counter 
indicates the number of times the indicating hand 
has made one complete revolution. In this case 
the indicating hand has made one complete re- 
volution plus 0.0040 inch; thus our reading of 
0.0140 inch. If the readings at A and Bwere, 
respectively, 0.0190 inch and 0.0188 inch, and 
using the C reading above, the depth of the pit 
would be 0.0049 inch. 

The maximum pit depth is obtained by 
subtracting the C reading from the average of 
the A and B readings. To obtain the average 
A and B, add the readings and divide by 2. 
The pit depth is determined -by the formula: 



Pit depth 



(A + B) r 
2 



Figtlte 11. — Dial indicator. 



Using the above readings, let's see hoy/ we 
obtained 0.0049 inch for the depth of pit C. 
When we substitute our readings in the equation, 
we have the following problem: 
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Pit depth . 0,0190-, 0,0188- _ 0.0140" 

' Pit depth » °^ 78 - - 0.0140" 

Pit depth - 0.0189" - 0.C140" 

Pit depth - 0.0049" V 

Using the formula for determining the pit 
depth and the .dial indicator readings given below, 
determine the pit depth for problems 1 and 2. 
Problem 1. The dial indicator readings are as 
follows: 

A » 0.0127?' 
B* 0.0135" 
C« 0.0092" 

Problem 2. The dial indicator readings are as 
follows: 

A. 0.0060" 
a 0.0056" 
C. 0.0050" 

The answer to problem 1 is 0.0039 inch, 
and the answer to problem 2 is 0.0008 inch. 

As a maintenance specialist, you must be able 
to detect corrosion and determine its severity. 
The fallowing guidelines may help you perform 
these tasks; 

1. Check defects, especially cracks or other 
- sharp notches, on the surfaces of stressed parts. 
These defects are more likely to be harmful 
than any defect found below the surface. 

2. Check any defect that occurs at right 
angles or at a considerable angle to the direction 
of stress. This defect is more likely to be harm- 
ful than a similar defect that occurs in a direc- 
tion parallel to the direction of stress. 

3* Check any defect that occurs in an area 
of high stress. This defect must be more criti- 
cally considered than a similar defect that 
occurs in an area of low stress. 

4. Check a crack of defect endiftg in a 
sharp notch at its base. This defedt is a more 
serious stress riser than a defect that has a 
rounded base. 



. 5. Check any defect that occurs at a fillet 
or at any other highly stressed area because of 
the design of the part. .This defect must be more 
critically considered than a similar defect, that 
is remote from a highly stressed area. 

The preceding general guidelines are based 
*on common sense; you must, however, con- 
sider the strength of the part and the condi- 
tions it will encounter while it is in service. 

You should now be able to identify the various 
types of corrosion and to use the pit^ depth in- 
dicator to determine the severity of corrosion. 
Let's discuss the areas where corrosion can 
most likely be found. " 

SURFACES SUSCEPTIBLE TO CORROSION 



The external and internal surfaces dis- 
cussed in this section include most of the sur- 
faces common to aircraft equipment.. How- 
ever, this coverage is not necessarily com- 
plete and should be modified as necessary to 
cover the susceptible surfaces of your parti- 
cular aircraft equipment* 



EXTERNAL SURFACES 
* 

Some of the more common trouble areas 
may be grouped under general types of external 
surfaces. 

Magnesium Surfaces 

Any inspection for corrosion should include 
the location and inspection of all magnesium 
skin surfaces, with special' attention given to 
edges; areas around fasteners; and cracked, 
chipped, or missing paint. 

Aluminum Alloy Surfaces 

Sections of heat-treatable aluminum alloys 
are susceptible to intergranular corrosion and 
exfoliation of the metal. When Inspecting external 
skin surfaces, look for metal exfoliation, espe- 
cially around the heads of countersunk fasteners. 
Treatment of this type of corrosive attack must 
include the following: (1) remove all layers of 
exfoliated metal, (2) blend and polish the exposed 
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Figure 13. — Exhaust path corrosion areas. 



edges of the damaged area, (3) thoroughly soak 
with a chromic acid inhibitor solution, and (4) 
restore protective surface, finishes. Reworked 
areas should be kept well protected with a paint 
coating of standard thickness whenever possible. 

Exhaust Paths " = 

Both jet and reciprocating engine exhaust 
deposits are very corrosive. These deposits 
are particularly troublesome wherever seams, 
failings, and fasteners are located in their 
paths, as shown in figure 13. Exhaust deposits 
may be trapped in these areas and not reached 
by normal cleaning methods. Therefore, exhaust 
paths must be thoroughly cleaned and inspected 
at frequent intervals. 



gravel from runways, and rain erosion. All 
of these conditions tend to remove the protec- 
tive finish. In addition, due to Jieat dissipation 
requirements, the cooler radiator cores, re- 
ciprocating engine cylinder "fins, etc., are not 
painted. Engine accessory mounting bases usually 
have small areas of unpainted magnesium or alu- 
minum on the machined mounting surfaces. The 
constant flow of moist air over these surfaces 
makes them prime sources* of corrosive attack. 
When you' inspect such areas, you should in- 
clude all sections in the cooling path. 

Spot-Welds ( 

Corrosion of spot -welded materials is chiefly 
the result of the entrance and entrapment of 
corrosive agents between the layers of metal. . 
Some of the corrosion may be caused originally 
by the fabrication process. However, corrosion 
that progresses to the point of skin bulging 
and spot-weld fracture is the direct result of v 
moisture working its. way in through open gaps 
and seams. This condition is illustrated in 
figure 14. 

This type of corrosion should first be evi- 
denced by corrosipn products appearing at the 
crevices through which the cprrosive agents enter. 
Corrosion may appear at other external or in- 
ternal faying surfaces but is usually more pre- 
valent on external areas. More advanced cor- 
rosive attack causes skin bulging and eventual 
spot-weld fracture. „. 

Skin bulging in its early stages may be 
detected by sighting along a spot -weld seam or 
by using a straightedge. The only way to prevent 



JATO Blast Areas 

Surfaces located In the path of JATO blasts 
are particularly subject to attack and deteriora- 
tion. In addition to the corrosive effect of the 
gases and exhaust deposits, the protective finish 
is very often blistered by heat, blasted away 
by the high-velocity gases, or abraded by solid 
particles from JATO exhausts. These areas should 
be watched for corrosion and cleaned carefully 
after firing operations. 

Engine Frontal Areas and Air Vents 



CORROSIVE AGENTS ENTER- 
AT UNSEALED SKIN EDGES 




CORROSIVE AGENTS TRAVEL - 
BETWEEN SKINS, AROUND 
RIVETS AND WELDS 



-CORROSION BUILD-UP CAUSES 
BUCKLING OP OUTER SKIN 



These areas and vents are being constantly 
abraded with airborne dirt and dust, bits of 



Figure 14. — Corrosion of spot-welded metals. 
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Figure 15. — Corrosion of piano hinges. . 

this condition is to keep potential moisture 
entry points filled with a sealant or a suitable 
preservative compound. These entry points in- 
clude gaps, seams, and holes created by broken 
spot-welds. 

Piano Hinges 

The effect of corrosion on piano hinges 
is still a problem on aircraft. These areas are 
prime spots for corrosion due to the dissimilar 
metal contact between the steel <pin and aluminum 
hinge tangs. Piano hinges are als^Ratural traps 
for dirt, salt, and moisture. The areas where 
hidden/ corrosion occurs are shown in figure 
15. Wfien such hinges are used on access doors 
or plates that are actuated only during periodic 
checks, they tend to freeze in place between 
inspections. Inspection of hinges includes lubrica- 
tion and actuation throygh several cycles to en- 
sure complete penetration of the lubricant. 

Miscellaneous Trouble Areas 

Trimmed edges of panels and drilled holes 
should have some type of corrosion protection. 
A brush treatment with an inhibitor solution or 
the application of a sealant along the edge, or 
both, is recommended. Any gaps or cavities where 
water, dirt, or other foreign material can be 
trapped should be filled with a sealant. The 
adjacent structure should have sufficient drain 
holes to prevent water accumulation. Damage 
or punctures in panels should be sealed as soon 
as possible to prevent the entry of, moisture 
if a permanent repair has to be delayed. 

INTERNAL SURFACES 

Internal surfaces are just as susceptible to 
corrosion as the external surfaces. Therefore, 
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internal surfaces should be inspected just as 
diligently as external surfaces. 

Electronic Compartments 

/ 

3 I 

Electronic auld electrical package compart- 
ments are cooleci by ram air or compressor 
bleed air. Therefore, these compartments are 
subjected to the iame conditions as engine and 
accessory cooling! vjents and engine frontaj areas. 
The degree of exp^stire is less because a smaller 
volume of air pasjses through the compartments. 
Also, special- design features prevent wafer from 
formii| or collecting in the enclosed spaces. 
Nevertheless, thefce compartments are still 
trouble areas thft require special attention, 
i 

Circuit breakers , contact points , and switches 
are extremely sensitive to moisture and corrosive 
attack. These components should be inspected 
for corrosion during routine checks as thoroughly * 
as design permits.^ Design features may hinder 
examination of these- items while they are in- 
stalled. In that case , maintenance personnel should 
take advantage of the components' removal -for 
other reasons to carefully inspect the. items. 

Conventional corrosion treatment may be 
detrimental to some electrical and electronic 
components. Therefore, corrosion in these com- 
ponents should be-xtreated only by or under the 
direction of personnel familiar with the function 
of the unit involved)^ . 

Battery Compartments 

In spite of protective paint systems and 
extensive sealing and venting provisions, battery 
compartments continue to be corrosion problem 
areas. Fumes from an overheated battery elec- 
trolyte are difficult to contain and will spread 
to all adjacent internal cavities, causing rapid 
corrosive attack on unprotected surfaces. If the 
openings are on the skin surfaces, these areas 
should also be included as a part of the battery 
compartment inspection and maintenance pro- 
cedure. Frequent cleaning and neutralization of 
acid deposits with a sodium bicarbonate solution 
will minimize corrosion from this cause. 

Lavatories and Galleys 

These areas, particularly deck areas be- 
hind lavatories, sinks, and ranges where spilled 
food and waste products may collect, are potential 
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trouble spots if not kept clean. Even if some 
contaminants are not corrosive in themselves, 
they will attract fnd hold moisture, which in 
turn will cause corrosion. Pay attention to 
bilge areas located under galleys and lavatories 
and to personnel relief and waste disposal vents 
or openings on the * aircraft exteriors. Human 
waste products are very corrosive to the com- 
mon aircraft metals. Clean these areas fre- 
quently and touch up the paint whenever neces- 
sary. . • 

Wheel Wells and Landing Gear 

The wheel well area probably receives more 
punishment than any other area on the aircraft 
This area is exposed to the mud, water, salt, 
gravel, and other flying debris from runways 
during flight operations. Because of the many 
complicated shapes, assemblies, and fittings 
in the area, complete coverage with a protec- 
tive paint film is difficult to attain. During in- 
spection of this area, pay particular attention 
to the following trouble spots: 

1. Magnesium wheels, especially around 
boltheads, lugs, locking rings, and wheel web 
areas, particularly for the presence of entrapped 
water or its e&ects. 

2. Exposed position indicator switches and 
other electrical equipment. 



3. Crevices between stiffeners, ribs, and 
lower skin surfaces, which are typical water and 
debris traps. , . 

Frequent cleaning, lubrication, and paint 
touchup are the maintenance needed on aircraft 
wheels and wheel well areas to keep them from 
corroding. 

Water Entrapment Areas 

With the exception of sandwich structures, 
4 aircraft design requires drain holes in all areas 
where water may collect. However, in many 
cases these drains are ineffective, either because 
of improper location or because they are plugged. 
These areas are natural sumps or collection points 
for waste hydraulic fluids, water, dirt, loose 
fasteners, drill shavings, and other odds and ends 
of debris. Residual oil quite often masks small 
quantities of water Which set up hidden corro-- 
sion cells. Daily inspection of possible water 
entrapment areas should be a standard require* 
ment. 

As you become proficient in performing 
corrosion inspections, you can detect corrosion by 
looking at a piece of equipment. You can form a <* 
mental picture of tfle 'location of corrosion de- 
posits both on internal and external surfaces. , 
Just remember that corrosion deposits may be 
found on surfaces where contaminants are allowed 
to collect, and wherever stagnant water and hy- 
draulic fluids are allowed to collect. 
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SELF-QUIZ #2 

PLEASE NOTE: Many students study ONLY the self-quizzes and pamphlet review quiz, thinking 
that this will be enough to pass the End-of-Course Test. THIS IS NOT TRUE. The End-of-Course 
Test is based on the objectives of this reading assignment, the text, and the points of knowledge 
tested in this self -quiz. To pass the EOCT, you must study all the course material. 



1. Advanced uniform etch corrosion on an 
aluminum surface appears and 



2. The MOST serious type of corrosion is 



3. Galvanic corrosion is MOST severe 
when aluminum is in contact with _. 

k. If a corrosion-resistant steel surface is 
allowed to cpllect mud or exhaust deposits, 
the formation of active-passive cellsVnay 
cause corrosion. 

5. Corrosion beneath the paint coating on 
a metal surface is FIRST indicated by 

* f 

6. A dial indicator is used in corrosion 
control to measure . 

7. A defect has occurred at right angles to 
the direction of stress. This defect is likely 
to be more harmful than a similar defect 
occurring to the direction of Stress. 



8. When inspecting external aluminum al- 
loy surfaces, you should look around the 

heads of countersunk fasteners for 

corrosion. 

9. Why are unpainted surfaces of magnes- 
ium or aluminum engine accessory mountings 
highly susceptible to corrosion? ^ 

10. Corrosion of spot-welded metals can be 
prevented by . 

11. Why do piano liing.es "freeze" in place 
between inspections? 

12. How can you minimize 'the corrosive 
effects of battery fumes in areas around a 
battery compartment? 

13. How often should you inspect water 
entrapment areas? 
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/ . ANSWERS TO SELF-QUIZ #2 



Following- are the correct answers' and references to the text pages which cover each question 
and correct answer. To be sure you understand the answers to those questions you missed, you 
should restudy the referenced portions of the text. 



1. rough and frosted (Page 14) 

2. inter granular (Page 1*) 

3. copper (Page 16) 

4. concentration cell' (Page 16) 

5. discoloration of the. paint (Page 16) 

6. the depth of corrosion pits (Page 16) 

7. parallel'(Page 19) 

8. ' exfoliation (Page 19) 



9. Thfere)is a constant flow of moist air 
over these Surfaces. (Page 20) 

10. sealing all gaps, seams, and holes with 
sealant or preservation compound (Page 21) 

11. Because of corrosion caused by dissimi- 
lar metal contact and entrapped dirt, salt, 
and moisture. (Page 21) 

12. Frequently clean and neutralize acid 
deposits. (Page 21) 

13. ' Daily (Page 22) 



FRir ./ 



24 



PREVENTIVE MAINTENANCE 



OBJECTIVES 



When you complete-this section, you will be able to: 

1. Explain the importance of frequently and properly cleaning an air- 
craft and its components. 

2. State some of the cleaning substances approved for use on aircraft. 

3/ State the various types of cleaning equipment used to clean aircraft 
•and components. 

4. Explain some of the methods and procedures for cleaning aircraft 
and components. « . f 



Describe the safety precautions 
and paint removing substances. 



you should observe when using cleaning 



: — . 

\ *V\n ounce of prevention is woijh a pound 
of cure." Where corrosion prevention on air- 
craft is concerned, the foregoing cliche is a 
ridiculous understatement Compared with the 
millions of dollars spent for some late model 
aircraft, the cost of corrosion prevention is a 
mere pittance. Preventive maintenance is a 
powerful tool which can be used to effectively 
control even the most difficult corrosion pro- 
blems. 

Most corrosion prevention programs are 
adjusted the operating activity to meet severe 
conditions "aboard Ship. The programs are then 
decreased in scope when the aircraft is re- 
turned to the relatively mild conditions pre-, 
vailing ashore. During emergencies regular cor- 
rosion preventive maintenance must sometimes 
fae neglected because of tactical operating re- 
quirements. When this happens, a period of in- 
tensive care should follow to bring the aircraft 
back up to standard* 

Corrosion prevention measures most com- 
monly taken require that the aircraft be kept 
as clean as possible and that all surfaces be 
kept intact. Other requirements include the cor- 
rect and timely use of covers and shrouds, 
periodic lubrication, and the application of pre- 
servatives where required, Years of experience 
have proven the heed for such measures if the 
aircraft are to remain airworthy. 



^ When corrosion preventive maintenance is 
neglected, aircraft soon become unsafe to fly. 
Units with the best corrosion preventive pror 
grams are likely to have the best safety records, 
most aircraft use, and lowest operating costs. 



SURFACE MAINTENANCE 



Surface maintenance includes regular clean- 
ing *of the aircraft as well as touch-up of pro- 
tective" paint coatings. Paint touch-up is done 
after removal of corrosion. This does not imply 
that damaged paint should not be touched up 
uniess corrosion is present. Touch-up of new 
damage to paint finishes will o prevent corro- 
sion from starting. 

Aircraft must be kept clean to retain aerody- 
namic efficiency and safety. Current directives 
prescribe acceptable materials, methods, and 
procedures for use in aircraft maintenance clean- 
ing. The guidelines in the directives must be 
followed. Lack of correct 'information about 
ft materials and equipment can result in serious 
damage to the aircraft exterior and interior. 
Shipboard procedures are not necessarily the 
same as procedures ashore, but the same ma- 
terials are available.' Comparable results are 
accomplished, although different application 
methods may be necessary. 
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How often an aircraft should be cleaned de- 
pends on the type of aircraft and the environ- 
ment in which it has been operating. Cleaning 
should be repeated as often a^ necessary to 
keep the aircraft clean. The 'aircraft must 'be 
cleaned when the following conditions exist: 



(1) an appreciable amount 



accumulation 



within exhaust track areas; (2) the presenee-~of_ 
salt deposits or other contaminants such as 
stack gases; (3) evidence of paint surface de- 
terioration*, such as softening, flaking, or peel- 
ing; and (4) the presence of excessive oil or 
exhaust deposits or spilled electrolyte and .de- 
posits around battery areas. Cleaning is always 
mandatory immediately after exposure to fire 
extinguishing materials, adverse weather con- 
ditions, and salt spray. The aircraft must be 
cleaned after being parked neai seawalls during 
high wind conditions. Cleaning is also required 
after low-level flight and after repairs orser- 
vice which has left stains, smudges, or other 
gross evidence of maintenance. All exposed 
unpainted surfaces, such as struts and actuating 
cylinder rods, require a daily cleaning or wipe- 
down. ^ 

Aircraft must be thououghly cleaned before 
being placed in storage and also at the time of 
dep reservation. Unpainted aircraft are cleaned 
and polished at frequent intervals. Aboard ship, 
the aircraft must be cleaned and salt deposits 
removed as soon as possible to prevent cor- 
^rosion. 

'Aircraft components which are critically 
loaded, such as helicopter rotor parts, should 
be cleaned as often a!s possible. (Critically 
loaded components are designed with minimum 
safety margins to conserve size and weight.) 
Components and parts exposed to corrosive en- 
vironments such as engine exhaust gas, acid, 
or JATO blast are cleaned often to minimize 
exposure to*hese agents. 

NOTE: Lubrication and preservation of ex- 
posed components are necessary to displace any of 
the cleaning solution entrapped during the clean- 
ing operation* 

The integrity of electronic systems should 
be maintained at all times to avoid the effects 
of contaminants and fluid/moisture combinations. 
Components left open for extended periods of 
time should be thoroughly cleaned before re- 
assembly. When cleaning or . purging any 



assemblies, strictly adhere to the procedures 
outlined in the current NA 01-1A-509, Aircraft 
Corrosion Control Manual, T.O. 1-1-1, Cleaning 
xof Aerospace Equipment, and associated MIMs 
for aircraft. 



^CLE?ANING MATERIALS 

V . : ■ ' 

Only approved cleaning materials may be 
used on aircraft and components. Approved clean- 
ing materials are made' up and compounded 
to accomplish definite results and are made 
available only after .complete testing anctaptual 
field acceptance. All specification materials are 
inspected and tested before acceptance and de- 
livery to the supply activities. Cleaning agents ' 
commonly used by operating units are included 
in the following categories. 

Solvents 

Solvents are ltfauids which dissolve other 
substances. There axe a great number of dif- 
ferent solvents, but for cleaning purposes; or- 
ganic solvents are most often used^Some- sol- 
vents are chlorinated. Solvents which contain 
more than 24 percent by volume 6f chlorinated 
materials must be kept in spebially marked 
lontaineijs. Equipment in which these solvents 
afce used must be carefully designed and opera ted s 
to prevent the escape of solvents, such as a 

liquichqr vapor, into the workroom. .* i 

>^ * . _ 1 

All personnel occupied with or working . 
near chlorinated solvents should be particularly 
careful to avoid breathing the vapors. Although 
the vapors from some solvents are more toxic 
than others, 'prolonged breathing of the fumes 
can be injurious to health. 

< 

In addition to the breathing hazard associated 
with solvents, they also present varying degrees of 
fire and explosion hazards, depending upon the 
material. Solvent cleaners having a flashpoint 
greater than 10S* F. are relatively safe. Those 
having flashpoints below 10S* F. require explo- 
sion proofing of equipment and other special 
precautions when used. (The flashpoint is the 
temperature at which the first flash fipm the 
material is seen as an open flame is passed 
back and forth over a sample of flammable 
liquid being heated in a pup.) 
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Another hazard associated with solvents, and 
to a certain extent with all cleaning materials, 
is the effect on the surface or mate rial being 
cleaned. Some solvents will deteriorate rubber, 
synthetic rubber, or asphaltic coverings. This 
hazard is such an important .consideration that 
it must always be taken into account when 
cleaning materials are selected. The cleaner may 
do a good job in removing dirt, - grease, oil, 
or exhaust gas deposits, but it may also damage 
the object being cleaned The cleaner mayalso 
soften and ruin otherwise good paint coatings. 

Dry-cleaniriB Solvent 

This itaterial is a petroleum distillate com- 
monly usedVin aircraft cleaning. The material 
is furnished in two types, I and lh Type I 
material, commonly known as Stoddard solvent, 
has a flashpoint slightly above lOCTF. Type II 
has a higher (safer) flashpoint and is intended 
for shipboard use. 

In aviation maintenance, Stoddard solvent 
(type I) is used as a general all-purpose cleaner 
for metals, painted surfaces, and fabrics. The 
solvent may be applied by spraying, brushing, 
dipping, and wiping. This material is preferable 
to kerosene for all cleaning purposes because 
kerosene leaves a light 1 oily film on the sur- 
face. 

Mineral Spirits 

This is another, liquid petroleum distillate 
used as an all-purpose cleaner for metaj. and 
painted surfaces. This cleaner is also used as 
a diluting material for emulsion compounds, but 
is not recommended for -fabrics. Like Stoddard 
' solvent, mineral spirits may be applied bf 
spraying, brushing, dipping, and wiping. 

Aliphatic Naphtha 

This is an aliphatic 'hydrocarbon product 
used as an alternate compound for cleaning 
acrylics. It is also used for general mean- 
ing purposes that require fast evaporation and 
" no remaining film residue, this cleaner may 
be applied by dipping and wiping. Saturated 
surfaces must not be rubbed vigorously be- 
cause aliphatic naphtha is a highly volatile and 
flammable solvent with a flashpoint below 80*F. 
Avoid prolonged breathing and skin ' contact. 
Use in well-ventilated areas only. 



Aromatic Naphtha H 

This is a petroleum aromatic distfllate. It 
is a bare-metal cleaner and is also used for 
cleaning primer coats before lacquer is applied. 
This naphtha will remove oil, grease, and light 
soils. It is also highly flammable and reasonably 
toxic. Avoid prolonged breathing and skin con- 
tact. CAUTION: Do not use aromatic naphtha 
* on acrylic surfaces because it wjll cause crazing 
(fihe surface cracks). 

Safety Solvent " ' 

Methyl chloroform is intended for use where 
a hi»gh flashpoint and less toxic solvent than car- 
bon tetrachloride is required. This solvent is 
used fo^ ger^raL^aning of assembled and dis- 
issemble(^-^Bngin6 components in addition to 
grease removal and spot cleaning. This material v 
should not be used on painted surfaces. Safety 
Solvent is not suitable for oxygen systems although, 
it may be used for other cleaning in ultra- 
sonic cleaning devices. It may also be applied 
by wiping, scrubbing, or booth spraying. The 
term Safety Solvent is derived from the high 
- flashpoint. Many later issue maintenance manuals 
label safety solvent as trichloroethane 1, 1, 1. 

Methyl Ethyl Ketone (MEK) 

This material is used as a cleaner for bare- 
metal surfaces. It will not mix to any great 
extent vuh vater but is a diluent for lacquers. 
MEK is app.^ed with wiping cloths or soft bristle 
brushes over small areas at a time. 

Water Emulsion Cleaners 

Emulsion cleaners tend to disperse con- 
taminants into tiny droplets which are held; in 
suspension in the cleaner until they are Pushed 
from the surlkce. Water emulsion compound 
conforming to MIL-C-22543 contains emulsifying 
agents, coupling agents, detergents, solvents, 
corrosion inhibitors, and water. This compound 
is intended for use on painted and unpainted 
surfaces in heavy-duty cleaning operations where 
milder specification materials of lower deter- 
gency would not be effective. 

Wate* emulsion compound is used in varying 
concentrations, depending on the condition of the 
surface. A concentration of 1 part compound 
to 4 parts water, by volume, is recommended 
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for heavier soiled surfaces. For mildly soiled 
surfaces, the concentration is changed to 1 part 
compound to 9 parts water, by volume. Starting 
at the bottom of the area being cleaned, apply 
the mixed solution by spraying or brushing to 
avoid streaking. Loosen surface soils by a mild 
brushing or mopping and follow with a thorough 
fresh water rinse. The automatic shutoff type 
water spray nozzle is best for rinsing. This 
nozzle gives hand control from a light mist 
for fogging spray to a full spray with high-pres- . 
sure water. 

Alkaline Water-base Cleaning Compound 

This compound i* similar to the water 
emulsion cleaner. The wafer-base compound 
is a general purpose cleaner used to remove 
light tQ moderate soils. It is mixed in 1 part 
compound to 9 parts water for light soils and 
1 part compound to 3 parts water for medium 
soils. This cleaner ma$ be applied to the sur- 
face by mopping, wiping, spray equipment, or 
foam producing equipment. This cleaner is safe 
for use on fabrics, leather, glass, ceramics, 
and transparent plastics. Follow the previously 
described procedure for washing the aircraft 
and rinse thoroughly with fresh water before 
the compound dries to prevent streaking. 

Solvent Emulsion Cleaners 

TKis cleaner conforms to Specification P- 
C-444 and i? intended for heavy-duty cleaning. 
The cleaner should be used with caution around 
painted surfaces because it will soften paint if 
in contact with the paint finish very long. Solvent 
emulsion cleaner will remove corrosion pre- 
ventive coatings arid should not be used on parts 
thus protected unless the coatings are to be 
removed. For heavy cleaning, the cleaning com- 
pound is mixed in a concentration of 1 part 
compound to 4 parts oi* dry-cleaning solvent 
(Stoddard solvent) or mineral Spirits. For lighter l * 
duty use, the compound can be mixed at a 1 
to '9 ratio. 

Waterless Cleaner - 

This compound is intended for, use on painted 
and unpainted aircraft surfaces.- It is used in 
heavy-duty cleaning operations where water for 
rinsing is not readily Available or where freezing 
temperatures do ..not permit the use of water. 
This cleaner 'is a relatively ndntoxic, nOn- 
corrosive, nonflowing gel or cream* Its detergent 



properties enable it to be used as an effective 
agent for removing grease, tar, wax, carbon 
deposits, and exhaust stains. Waterless cleaner 
should not be applied to canopies or other acrylic 
plastic surfaces. It is safe for use as a water- 
less hand cleaner. 

Mechanical Cleaning Materials ■ 

Mechanical cleaning materials such as abra- 
sive papers, polishing compounds, polishing 
cloths, wools, and wadding, are available in the 
supply system for use as needed. However, 
their use must be in accordance with the clean- 
ing procedures outlined in NAVAIR 01-1A-509, 
T.O. 1-1-1, the specific aircraft Maintenance 
Instructions MAnual, and directions supplied with 
the material being used. These procedures must 
be followed to avoid damage to finishes and sur- 
faces. In cases! conflicting information, NAV- 
AIR 01-1A-509 *and T.O. 1-1-1 will always 
take precedence. K 

Aluminum Oxidje Paper 

Aluminum ! oxide paper (300 grit or finer) 
is available iri several forms and is safe to 
use on most surfaces. It does not contain sharp 
or needle-like ^brasives which can embed them- 
selves in the [base metal being cleaned or in 
the protective coating being maintained. Do not 
use carborundum (silicon carbide) papers as 
a substitute for aluminum oxide paper. The grain 
structure of carborundum is sharp, and the ma- 
terial is so hard that individual grains can pene- 
trate and bury themselves even in steel surfaces. 

Powdered Pumipe 

This material is a mild abrasive cleaner. 
The prumice ik used as a slurry with water 
and is applied j to the surface with clean rags 
and bristle brusjhes. 

Impregnated Cotton Wadding 

Aluminum metal polish is used to produce 
a 'high-luster, long-lasting polish on unpainted 
aluminum-clad surfaces. Do not use the polish 
on anodized surfaces because it will remove 
the" oxide coat. : 

Aluminum Wool ' 

Three grades of aluminum wool — coa^rse, 
medium, and fine— are stocked for general abra- 
sive cleaning of aluminum surfaces* 
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Lacquer Rubbing Compound, Type III 

Lacquer rubbing compound, Type in, may 
be used to remove engine exhaust residues and 
minor oxidation. Avoid heavy rubbing over rivet 
heads or edges where protective coatings may be 
thin. Coverings may be damaged most' easily 
at these points. 



CLEANING EQUIPMENT 



To produce efficient and satisfactory results 
when cleaning an aircraft, use correct cleaning 
materials and properly maintained equipment. 
Prepare and equip a specific cleaning area for 
cleaning operations. 

The choice of cleaning equipment depends 
on several factors; for example, the amount of 
cleaning that is regularly perfdrmed, the type 
of aircraft being cleaned, the location of the 
activity, and the availability of facilities such as 
air pressure, water, and electricity. 

Several specialized items of equipment are 
available for cleaning aircraft. These include 
pressure type tank sprayers, a variety of spray 
guns and nozzles, high-pressure cleaning ma- 
chines, and industrial type vacuum cleaners. 

One of the latest devices for faster and 
economical cleaning of aircraft is a swivel type 
conformable applicator cleaning kit developed 
by the 3M Company. The kit <fe officially de- 
signated Scotch-Brite Conformable Applicator 
Cleaning Kit No. 251. It is designed to clean 
aircraft exteriors several times faster than using 
cotton mops or bristle brushes. 

The applicator head of the cleaning kit is 
curved and flexible to conform readily to con- 
vex and concave aircraft exteriors. A swivel 
joint on the back of the applicator head pro- 
vides further flexibility. The 5 X 7 inch Scotch 
Brite cleaning and polishing pad attaches easily 
to the applicator head and provides a more ag- 
gressive and efficient scrubbing medium than 
bristle fibers. The cleaning kit can be used 
without fear of scratching aluminum or painted 
'' surfaces. 



conformability of the applicator allows easier 
application of a constant scrubbing pressure 
on curved skin panels. This feature eliminates 
the need for a maintenance stand to keep brushes 
in maximum contact with the surface. 

In addition to the equipment previously men- 
tioned, other items such as hoses, brushes, 
sponges, and wiping clothes are required for 
aircraft cleaning. These items are procured 
through supply. 

Items of personal protection such as rubber 
gloves, lubber boots, goggles, knd aprons should 
be worn when necessary. These items protect 
clothing,\skin, and eyes from fumes and splashing 
of caustic materials. 

Steam Cleaner 

This cleaner is used to remove dirt, grease, 
and heavy oil deposits from aircraft and support 
equipment. The steam cleaner combines the four 
essentials of efficient cleaning: heat, water, 
detergent, and friction After blending a detergent 
with water, the cleaner pumps the solution into 
a heating unit. At this point the solution is 
partially vaporized, creating pressure. The solu- 
tion is then directed to the cleaning hose and 
gun and sprayed onto the surface to be cleaned. 
The spray detergent, along with its impact 
pressure, loosens and removes dirt and other 
contaminants. 

A steam cleaning unit \ may be trailer 
mounted, as shown in figure 16, or stationary; 
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The swivel and applicator head are attached 
a standard brush handle. The excellent 



Figure 16. — Steam cleaner. 
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but basically all units are Similar in construction* 
The basic l3team cleaner consists of a. cleaner 
unit And a water storage tank. Accessories 
inclucP^ all necessary hoses and a cleaning 
gun with interchangeable nozzles. Operating con- 
trols, pressure gages, and inlet and outlet con- 
nections are on the outside of the unit or under 
hinged doors that help to form its cabinet. 

Ultrasonic Cleaner. 

1 The ultrasonic cleaner is a single self- 
contained unit. It cleans small aircraft parts 
when they are immersed in a washing compound 
through which high-frequency sound waves are 
traveling. The sound waves cause the constant 
formation of tiny bubbles that burst when they 

•contact the surface being cleaned. This results 
in a powerful scrubbing action which thor- 
oughly cleans immersed parts. 

CLEANING METHODS AND PROCEDURES 

The first step in cleaning the* aircraft is 
selecting the proper cleaning agent for the method 
of cleaning to be used. The cleaning agent re- 
commended for each metljpd is listed in NAV- 
AIR 01-1A-509, T.O. 1-1-1, and the applicable 
Maintenance Instructions Manual for the type of 
aircraft being cleaned. These manuals also in- 
clude instructions and precautions for using 
the cleaning agents. 

The next step is the preparation of the 
aircraft for cleaning. Ground the aircraft to the 
deck after spotting it in a cool place if possible. 
The aircraft may have been heated while parked 
in the sun or as a result of operations. Heated 
aircraft should be cooled by a fresh water wash- 
down before being cleaned. Mahy cleaning ma- 
terials will clean faster at elevated temperatures, 
but the risk of damage to paint, rubber, and 
plastic surfaces 'is increased. The damage is 
caused by cleaners which are concentrated by the 
rapid solvent evaporation caused by high tempera- 
tures. Static electricity generated by the cleaning 
operation will be dissipated through the ground 
wire. After securing all the obvious openings 
.such as canoRies and access panels, . further 
secure the aircraft against entry of water and 
cleaning compounds. Mask or otherwise cover 
all equipment or components that can be damaged 
by moisture or the cleaning agent being used. 



Water Rinse Cleaning 

The water rinse method is the most efficient 
and satisfactory method of cleaning aircraft 
when th^y are only lightly contaminated with 
loosely adhering soils and water soluble cor- 
rosion products. Prepare the aircraft as pre- 
viously outlined. Make sure all materials and 
equipment required during cleaning are on hand 
and ready for use. The proper washingprocedure 
to ensure complete coverage is illustrated and 
described in figure 17. Apply water by pro- 
gressing upward and outward, scrubbing briskly 
with a long handled fiber cleaning brush while 
the water is being applied. Do not scrub a dried 
surface. After scrubbing, rinse the surface from 
the top downward with, a high-pressure stream 
of water until all the water soluble residues and 
loosened soils have been completely flushed off 
the aircraft. 

Water Emulsion Cleaning 

The emulsion cleaning method is used to 
clean aircraft contaminated with oil, grease, or r 
other foreign matter which cannot be easily re- 
moved by other methods^ The aircraft is prepared 
in the same manner as it was for the water * 
rinse method. 

Use fresh water to wet down the surface to 
be cleaned. Apply a concentrated solution of 1 
part emulsion compound cleaner to 4 part's 
of water to the heavily soiled areas. These 
areas include engine nacelles, landing gear as- 
semblies, or other special areas that will re- 
quire such a strong solution. Scrub the areas * 
and allow^the concentrated solution to remain 
on the surface. Limit the size of the area' being 
cleaned to that size which can be easily cleaned 
while keeping the surface wet. ♦ 

Next mix a solution of 1 part emulsion com- 
pound to 9 parts water. Apply the diluted solution 
to the entire surface to be cleaned, including the 
areas previously covered with the concentrated 
solution. Scrub the surfaces thoroughly and allow 
the solution to remain on the surfaces 3 to 5 
minutes before rinsing. Rinse from the top down- 
ward until all soils have teen removed. If a 
high-pressure stream of water is used for 
rinsing, hold the nozzle at an angle and a 
reasonable distance from the surface being 
sprayed. / 
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r 1 WASH WHEEL WELLS 

III WASH WHEEL WELLS. CONCENTRATING 
Fm§T ON THE INTERIOR WELL STRUCTURE 
it) CLEAN LANOING GEAR COMPONENTS 

«c» RINSE. a 

WASH MIO-FUSELAGE 

NOTE: THIS SHOU'.O IE OONE IN CON 

JUNCTION WITH WfNG IF POSSIBLE K < 

<»> WASH THE UNOER SURFACE 
Fl ST PROGRESSING UPWARO 
t» RINSE tw»TH SCRU88INGI FROM TOP * 
TO 80TTQM .} 
NOTE. <EEP AREAS fVET SIThEH WtTH 
SOLUTIONS OR WATER AT ALL TIMES 
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WASH FORWARO FUSELAGE: 

It) WASH UNOER SURFACES FIRST. 

PROGRESSING UPWARO. START AT MID* 

FUSE LAGS ANO S*RAY FORWARO. 

{b) SCRUI IN CLEANING SOLUTIONS IN 

SEQUENCE 

NOTE; ALL AREAS MUST EE KEPT WET WITH 
CLEANING SOLUTIONS OR WATER AT ALL 
TIMES. RINSE OFF ALL OVERSPRAV.OF 
SOLUTIONS. ^ _^ 

lc) RINSE (WITH SCRUBBING) FROM ft* TO 
BOTTOM. 



WASH AFT- FUSELAGE: 

<«) WASH THE UNOiR SURFACES FIRST 

(CARGO RAMP ANO OOORI. PROGRCSSING 

UPWARDS. 

(to) RINSEMWITH SCRUBBING) FROM TOP 
TO BOTTOM. 

NOTE: KEEP AREAS WET. EITHER WITH 
CLEANING SOLUTION OR WATER AT ALL 

TIMES. 





STEPS- WASH EMPENNAGE: 

(a) WASH BOTTOM OF HORIZONTAL 
STABILIZER. * mt 
(b> TOP OF HORIZONTAL STABILIZER, 
(e) WASH VERTICAL TAIL, ANO THAT 
PORTION OF AFT FUSELAGE SUBJECT TO 
FLUIO RUN-OOWN. BEGIN AT BASE ANO 
WASH TO TIP. . 
NOTE: KEEP ALL SURFACES WET WtTH 
SOLUTIONS OR WITH WATER AT ALL 

W» M RINSE IWITH SCRUBBING) FROM TIP 
TO BASE, INCLUOING AFT FUSELAGE. 




STEPS WASH WINGS . _ 

WASH THE LOWER ANO THEN THE UPPER 
SIOE OF WINGS. START AT CENTER ANO 
MOVE TOWARD WING TIPS. RlNSE TOWARO 
CENTERLINE. 

NOTE: KEEP THOSE AREAS PREVIOUSLY 
CLEANEO WELL FLUSHEO WITH WATER 
OURING WASHING UPPER WING- 

STPP 7 ON COMPLETE AIRPLANE WASH OPERATION 
FLUSH OOWN ALL AIRPLANE EXTERIOR 
SURFACES TO REMOVE RESIOUAL CLEANING 
SOLUTION 
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If any areas are still not cleaii, .repeat the 
operation in those areas only! After being rinsed 
the* aircraft .may be dried with a clean sponge 
or cloths to ensure against streaking that could 
be caused by emulsion cleaning. Normally, if the 
aircraft is thoroughly rinsed, streaking will be 
held to a minimum. 

Solvent-Emulsion Cleaning 

Solvent-emulsion cleaning is intended for 
cleaning heavily soiled unpainted surfaces and 
parts and for removing corrosion preventive 
coatings. Mix the cleaning compound in a con- 
centration of 1 part compound to 9 parts of dry- 
cleaning solvent or mineral spirits. Apply the 
solution to a water-free surface; otherwise, the 
water will lessen the solvent action. Since this 
pleaner will remove thick preservative materials, 
use it with care to prevent unwanted removal 
of such coatings. - s/ 

Apply the solution \jy brush orjrijj™ high- 
pressure spray, using a nozzle thai gives a 
coarse fanshaped spray. Scrub the surface with 
a brush as the solution is being applied. Allow 
the solution to remain on the surface long 
enough to loosen the soil without drying. Re- 
apply and re scrub the more difficult soiled 
areas as necessary. Rinse thoroughly, using a 
large volume of fresh water to remove all loose 
soils and cleaning compound. 

Sfc>ot Cleaning 

Light oily soiled surfaces may be spot 
cleaned try wiping these areas with a dry-cleaning 
solvent. Apply the solvent with a saturated 
wiping cloth. Brush or wipe the surface as 
necessary; then wipe clean with a dry cloth, 
removing the solvent residue and loosened soil. 
The solvent wipe may leave a light residue, 
which may be removed with soap and water 

followed by fresh water rinsing. 

* 

WARNING: Dry-cleaning solvent should not 
be used in oxygen* areas or around oxygen 
/ equipment. The solvent is not oxygen com- 
patible and will cause explosion and/or fire. 

Waterless Wipedown 

When water is not available, heavy soils 
and operational films may be removed by using 
waterless cleaner. Apply the cleaner by dipping 



a dampened cloth into the creamlike Waterless 
cleaning material and then spreadingthe material 
* thinly over the area to be cleaned. Scrub the 
surface until the soil and cleaner become in- 
termixed or emulsified. Allow the material to re- 
ni*in on the surface approximately 10 minutes; 
scrub and wipe off thoroughly with a clean 
wiping cloth* Make sure all s^ils and cleaning 
material are removed; be especially careful 
around fasteners and unsealed areas. In freezing 
weather a dry applicator should be used in lieu 
of a dampened one. 

Immersion Cleaning 

Immersion cleaning is used to clean in- 
dividual parts. Units to be cleaned must be 
disassembled, and parts that may be damaged 
by the cleaning solution must be removed. Im- 
mersion cleaning can be done hot or cold. 
In hot cleaning, there must be some type of 
heating assembly to maintain cleaning solution 
temperature and provide hot water for rinsing. 
You may use either of the following solutions 
to clean aluminum, magnesium, steel, and brass 
parts. 

Cleaning Compound P-C-436 

This cleaning compound is used to clean 
both ferrous and nonferrous metal parts. Pre- 
pare the solution by dissolving 10 to 12 ounces 
of the compound per gallon of water in a steel 
tank. Immerse parts in the hot solution (200- 
212^ F.) until the sbil is removed. The im- 
mersion time may vary from 5 minutes for 
light soils to 30 minutes tor? asphaltic soils. 

Paint and Varnish Remover (MIL-R-7751) 

This paint and varnish remover may be 
used as a heavy-duty alkaline cleaner for steel, 
aluminum, and magnesium. Prepare this so- 
lution by mixing 3 to 5 ounces of the remover 
per gallon of water. Determine the total volume 
of the solution; then dissolve the compound in 
one-fifth of the total volume, keeping the solution 
temperature at or above 190*F. Allow the mix- 
ture to stand overnight; then add the balance 
of the water at room temperature. 

Immerse the parts to be cleaned in the 
hot solution (190* to 212 , F.), but avoid immersing 
dissimilar metals at the same time. Keep all 
work below the surface of the solution during 
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the cleaning process. This solution should com- 
pletely clean and strip paint coatings within 
20 minutes. 

Parts that have been chemically cleaned must 
be thoroughly rinsed. This is best accomplished 
by using hot water (14(f to 18(f F.). You' may 
rinse by either spraying or immersion in a hot 
water tank. When heated water is not avail- 
able, use cold rinsing and a longer rinse time. 



PAINT REMOVAL 



After the surfaces are cleaned, you may 
need to remove paint before removing corrosion. 
Paint may be removed by mechanical means, 
but you will usually use a chemical agent as- 
well, depending on the area to be removed. 

Before removing paint from any surface, 
mask all faying surfaces; access doors, and 
other openings. In addition to masking tape, wax, 
and barrier paper, you may use a low-adhesion 
rubber sealant. Allow this sealant to cure to 
a firm, rubbery state before you begin to re- 
move the paint. 

Accessible Areas 

Apply the paint remover with a nonmetallic 
brush or by spraying. Allow the remover to 
stay on the surface until all residue is softened. 
Agitate the softened paint with a stiff bristle 
. brush to aid in loosening the paint. The re- 
mover may have to be applied more than once, 
depending on the thickness of the paint coat- 
ing. c Aft^r the paint has been loosened, rinse 
off the residue with a stream of high-pressure 
water or wipe with a rag rinsed frequently in 
clean water. 

Confined Areas 

Paint may be removed with ethyl acetate, 
lacquer thinner, or dichloromethane. Since con- 
fined areas are hard to ventilate, you must be 
cautious of the toxic fumes given off by these 
removers. Apply the paint remover with a clean 
cloth or a soft-bristle brush, keeping the area 
wet by continued application. When the paint has 
loosened, remove it and tl^e solvent with a clean 
damp clotty Rinse the cloth frequently in clean 
water and repeat the previous step, until the 



paint and solvent are removed. Then dry the 
area with a clean lint-free cloth. 

SAFETY PRECAUTIONS 



All cleaning and paint removing opera- 
tions present some health hazards. You must 
be aware of the hazards caused by a specific 
chemical and how you can control them. You 
should consult TO 42C-1-9, Toxicity, Flash 
Point, and Flammability of Chemicals, for more 
specific information about any chemical you may 
use. 



POTENTIAL HEALTH HAZARDS 



You may be exposed to chemical compounds 
by breathing fumes or actually handling the com- 
pound. Any procedure that may produce a health 
hazard must be evaluated and cbntrolled. 

Breathing Air Containing Solvent Vapors 

Inhaling solvent vapors in high enough con- 
centrations can cause injury to the body. The 
organ or body system affected depends upon the 
solvent involved. Some solvents act as irritants 
to nose and throat or eyes; others act as an- 
esthetics arid produce varying degreed of narcosis. 
In cases' of narcosis,, your manual dexterity and 
alertness may be affected. Your ability to ac- 
complish tasks efficiently, and without accident 
may be decreased. This can be of importance 
for all types of maintenance operations that 
require a high degree of skill and alertness. 

Toxicity 

Toxicity data for individual solvents or 
chemical compounds are difficult to apply to a 
mixture. Various additives and mixtures can and 
do affect toxicity. Some (industrial solvents used 
in the ^military contain numerous organic com- 
pounds. 

Absorbing Solvents Through the Skin 

Many chemical compounds can be absorbed 
through the skin in large enough quantities to 
cause poisoning. Skin absorption must* be con- 
sidered a possible method of ingestion for all 
solvents. 
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Ingestion By Swallowing 

Swallowing of toxic chemicals is the least 
important means of industrial exposure. However, 
swallowing should not be overlooked as a con- 
tributing factor in occupational disease. Person- 
nel handling toxic chemical compounds must be 
careful to avoid contaminating food, hands, or 
other objects that might be placed in the mouth, 
intentionally or unintentionally. 



Dermatitis 



Compounds used in cleaning can also cause 
irritation to the skin, resulting in dermatitis. 
Chemical compounds act in two ways to pro- 
duce occupational dermatitis -primary irritants 
and skin sensitizers. A skin sensitizer is an 
agent which does not necessarily cause notice- 
able changes on first contact but which, on sub- 
sequent or prolonged contact produces dermatitis. 

A primary irritant is an agent which causes 
dermatitis by direct action where the agent touches 
the skin. The dermatitis occurs if the agent is per- 
mitted to act long enough in sufficient intensity 
or quantity. A primary irritant, forms chemical 
combinations with or removes essential ingre- 
dients from the skin. These combinations result 
in total destruction, burn, or inflammation. The 
type and concentration of the chemical and the 
period of exposure determine which of the tjiree 
types of damage occurs. 

Evaluating Potential Health Hazards 

In many situations an evaluation of the en- 
vironment is necessary to determine where a 
health hazard actually exists. In most cases 
this evaluation includes determining the solvent 
vapor concentrations. Many techniques are avail- 
able for taking and analyzing samples. The 
technique used depends upon the solvent being 
sampled and the instruments available. 



CONTROL OF HEALTH HAZARDS 

To control health hazards during cleaning 
operations, use one or more of the following 

c m?thods: 



Selection of Chemical 

Use the least toxic chemical or chemical 
compound that will do the job satisfactorily. 
Although the relative toxicity of a compound 
is not the only factor influencing the degree of 
hazard in using the compound, this is an im- 
portant consideration. Substitute less toxic ma- 
terials in cleaning. For example, use aliphatic 
hydrocarbons and alkaline cleaners in place of 
aromatic solvents. 

Whenever it is economically sound, de- 
greasing operations should be done by methods 
that reduce the exposure of personnel. For ex- 
ample, using a properly designed, located, and 
operated vapor degreaser for cleaning metal re- 
quires less exposure than doing the job hand- 
cleaning methods. 

■* 

Equipment 

Select equipment to prevent the escape of 
chemicals into the breathing zone of the worker. 
Whenever closed processes are economically and 
operationally possible, use them. Once maximum 
health hazard control is built into equipment, ' 
operate and maintain it carefully. Inadequately 
designed or maintained health hazard controls 
are frequently more hazardous than uncontrolled 
processes because of the false sense of security 
they create. 

Ventilation 

Clean air can be supplied to a Work area 
to dilute the toxic vapor concentration below 
the threshold limit values. The uncontaminated 
air may be provided by natural- draft, open 
doors or windows, or preferably by forced ventila- 
tion. This method of control should be used only 
when the chemical is of low toxicity or when 
small quantities of toxic vapors are escaping 
into the air. 

Using exhaust ventilation . to capture the 
contaminants and remove them from the work- 
room air is the most effective method for con- 
tinuing the concentration of toxic materials. The 
exhaust system must produce enough air move- 
ment to ensure capture of the contaminant as 
close as possible to its course. The exhaust 
system must then convey the contaminant through 
the system to some adequate discharge point. 
A local exhaust system should do this while 
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removing only a minimum of workroom air and 
still not interfere with the operation of the nor- 
8 mal ventilation system. 

No method used to control exposure to toxic 
compounds is foolproof. Therefore, you need 
to learn certain hygienic fundamentals concerning 
the materials you are using, and you must 
remember the need to prevent excessive ex- 
posure. If you are indifferent or uninformed, 
the control devices won't keep you from pro- 
ducing the maximum amount of atmospheric 
contamination. 

Protective Clothing 

Use respirator devices only for emergency 
or supplementary protection; rarely, if ever, 
rely upon them as the primary method of pro- 
tection. There are occasional, isolated, oremer- 
gency jobs whe^e you mu3t depend on respiratory 
prot^ive devices for the prevention of injury. 
However, the /first line of defense should con- 
sist of one or more of the control measures 
discussed earlier. 
/ 

/ 

Ther^ are a variety of respiratory de- 
vices available, each having its specific use and 




Figure 18. — Protective clothing. 



limitation. Be sure that you are using the proper 
one for the particular job. Keep respiratory 
protective devices clean and in good repair, and 
change filters, canisters, or cartridges as neces- 
sary. Respirators can be divided into two main 
groups: air supplied respirators and air purifying 
respirators. 

Air supplied respirators provide you with 
air from a source of supply independent of 
your working environment. They are used where 
there is a possible oxygen deficiency— for exam- 
ple, inside tanks or in high" atmospheric con- 
centrations of chemical contaminants. 

Air purifying respirators provide you w{th 
safe air by removing the toxic components 
from the workroom by mechanical or chemical 
filtration. Respirators of this group cannot be 
used in oxygen deficient atmospheres or in high 
atmospheric concentrations of contaminants. 

Protective clothing, as shown in figure 18, 
protects the skin against toxic, irritant, or cor- 
rosive chemicals. Some chemicals can be ab- 
sorbed through the skin in harmful quantifies; 
many are primary irritants, and a few are 
sensitizing agents* When other control measures 
fail to protect your skin adequately, get and use 
protective clothing. 

Such items as rubber and plastic gloves, 
aprons, suits, boots, hoods, and face shields are 
available. Keep these items clean and in good 
repair so they will be effective. 

Occupational dermatitis can result from 
exposure to any of the compounds used in metal 
cleaning. Protecting yourself from the chemicals 
by the control methods discussed above will 
prevent these irritants from reaching your skin, 
thus preventing dermatitis as well as intoxi- 
cation. , 

Next to avoiding exposure, personal clean- 
liness is the most important control measure 
for preventing dermatitis. Make sure you have 
adequate washing facilities, including hot and cold 
water and a good industrial skin cleanser. Allow 
yourself enough time for a thorough cleansing be- 
fore lunch and at the end of the shift. Protective 
ointments have some value as a preventive meas- 
ure, but their usefulness is frequently overempha- 
sized. In some instances, where the use of bare 
hands is essential to the operation, or the face 
cannot be covered with protective devices, oint- 
ments may be the onl)^ means of protection 
available. 
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SELF-QUIZ #3 



PLEASE NOTE: Many students study ONLY the self-quizzes and pamphlet review quiz, thinking that 
this will be enough to pass the End-of-Course Test. THIS IS NOT TRUE. The End-of -Course Test is 
based on the objectives of this reading assignment, the text, and the points of knowledge tested in 
this self -quiz. To pass the EOCT, you must study all the course material. 



h- Surface maintenance includes regular 9.1 Which ' aircraft small parts cleaning 
r eanini and ^ machine cleans by sending high-frequency 

6 • ^^und waves through a washing compound? 

2. After the aircraft cleaning operation, 



exposed aircraft components require 
and 



3. When using chlorinated solvents, you 
must be especially careful because of the 



4. What type of dry-cleaning solvent has 
the HIGHEST flash point? 

5. Which naphtha may be used as a clean- 
ing solvent, for acrylic surfaces? 

6. Safety solvent is good for most general 
cleaning, but MUST NOT be used on oxygen 
systems or . 

7. To find information about approved air- 
craft cleaning materials, you should refer to 
the applicable Maintenance Instructions 
Manual, , or 



8. What applicator cleaning kit cleans air- 
craft exteriors several times faster than 
using mops or bristle brushes? 



10. Before beginning the aircraft cleaning 
operation, you must ensure that the aircraft 
is properly . 

11. Which cleaning method should you use 
to remove corrosion preventive coatings? 

12. When using ethyl acetate or lacquer 
thinner to remove paint in a confined area, 
you must be cautious of • , 

13. Through prolonged contact, a skm sen- 
sitizer can produce . 

14. When working with toxic agents, you 
should use respiratory devices ONLY for 

or protection.' 

15. Next to avoiding exposure, the MOST 
important control measure for preventing 
dermatitis is/ 
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ANSWERS TO SELF-QUIZ #3 



Following are the correct answers and references to the text pages which cover each question 
and correct answer. To be sure you understand the answers to those questions you missed, you 
should restudy the referenced portions of the text. ' * 



1. 


touch-up of protective paint coatings 


9. 


Ultrasonic cleaner (Page 30) - 


(Page 25) 










10. 


grounded (Page 30) 


2. 


lubrication and preservation (Page 26) 


11. 


Solvent-emulsion cleaning (Page 33) 


3. 


hazards to breathing (Page 26) 




toxic fumes (Page 34) 






12. 


4. 


Type II (Page 27) 








13. 


dermatitis (Page 35) 

emergency or supplementary (Page 36) 


5. 


Aliphatic (Page 27) 


14. 


6. • 


painted surfaces (Page 27) 








15. 


personal cleanliness (Page 36) 


7. 


NAVAIR 01-1A-509, T.O. 1-1-1 (Page 







28) 



8. Scotch-Brite Conformable and Appli- 
cator Cleaning Kit No. 251 (Page 29) # 



o 
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LIGHT CORROSION REMOVAL AND PRESERVATION 

t 

OBJECTIVES 

When you complete this section, you will be able to: 

1. Describe the procedures and materials used in the removal of light 
corrosion. 

2. State the purpose of preservatives. 

3. ' State some common aircraft preservatives and their uses. * 



The complete removal of all corrosion pro- 
ducts from the surface of an affected metal is 
an important step in the corrosion control pro- 
cedure. Which method of removal you select 
depends on several factors: (1) the type of metal 
affected, (2) whether the corrosion deposits are 
in a readily accessible area, (3) the materials 
and tools available, and (4) local policies. 

After all the -corrosion has been removed, 
the surface of the reworked area must be con- 
verted to a corrosioa-resistant surface. This 
is done by applying a chemical surface treatment 
or by electroplating. The selection of the proper 
conversion method depends on the type of metal, 
size of the area to be treated, and availability 
of equipment. Before attempting to remove cor- 
rosion products and treat a!ny metal surface, 
you should consult TO 1-1^2, Corrosion Control 
and Treatment for Aerospace Equipment, or the 
specified corrosion control manual. If there, is 
any conflict between the; two publications con- 
cerning removal or treatment procedures, t'^ 
equipment manual governs the entire operation. 



MECHANICAL CORROSION REMOVAL 



For light corrosion, remove the corrosion 
deposits using any suitable nonpowered mech- 
anical equipment. After removing all deposits 
visible through a four-power or stronger magni- 
fying glass, remove an additional 0,002 inch to 
ensure that no corrosion products remain. 

Blend the surface of the reworked area 
smoothly with the surrounding area to prevent 



stress concentrations. Make the width of the 
cleaned-up area at least 10 times the depth, 
as shown in figure 19; make the length of the 
cleaned-up area at least 20 times the depth. 

Polish the cleaned-up area as smooth as 
the surrounding surface by making a finish cut 
to the cleaned-up area with a fine abrasive paper. 
First use a coarse grit abrasive paper and then 
finish with either 400 or 600 grit. 

The mechanical corrosion^emoyal equip- 
ment you select Is governed by the accessibility 
of the area, the size of the job, and the type 
7>f metal. No hard and fast rules can be laid 
down; consequently, you must study your parti- 
cular removal problem and select the most 
suitable equipment. 

HAND TOOLS 

You will use certain hand tools to remove 
corrosion deposits whether or not the area is 
readily accessible. 

Wire Brushes 

Wire brushes are available with carbon steel, 
stainless steel, or brass bristles. The bristles 
vary in size and length, and consequently in 
stiffness. 

Usually, carbon steel hand wire brushes 
are used to remove, corrosion deposits from fer- 
rotis alloys, and a stainless steel wire brush 
is used to remove corrosicm f;pm aluminum. 
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The bristles of this brush should not exceed 
0.010 inch in diameter. After using this brush, 
polish the surface first with No. 400 then with 
No. 600 grit aluminum oxide abrasive paper. 

Abrasives 

There are many different types of abrasives. 
Each type is available in a variety of grit sizes. 
Among the more common types in use are the 
flint, emery, aluminum oxide, and silicon carbide: 

1. Flint is used because of its low cost, 
but it dulls and wears out quickly. 

2. Emery makes a good cutting agent, but 
because of its fine mineral face the results 
are slow. Emery is used mostly for final 
polishing of metals. 

*""3. Aluminum oxide is used on metal sur^ 
faces because its tough coating cuts faster 
and lasts longer than flints. 

4. Silicon carbide is produced by fusing 
silica and coke. This sharp abrasive is used on 
paints and metals for both wet and dry sanding; 




— — LENGTH OF CLEANED UP AREA 
X (20 TIMES DEPTH MIN ) 

\L I 




DEPTH OF CLEAN UP OF CORROSION 



.Figure 19. — Acceptable clean-up 
of corrosion pits. 
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Very fine 


£ 6/0--220 


4/0 




5/0--180 


3/0 




* 4/0--150 


2/0 


Fine 


3/0--120 






2/0--100 


0 


Medium 
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1 


Coarse 


1--50 


1 1/2 




1 1/2--40 


2 


Very Coarse 


2--36 


2 1/2 




2 1/2- -20 


3 
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Figure 20. — Abrasive paper grit size. 



The abrasives are bonded to paper, cloth, 
or fiber and are available in sheets and rolls. 
Paper-backed abrasives are available in four 
popular weights: A is soft and flexible and is 
used where flexibility is desired; C and D are 
thicker and are used where flexibility is not 
necessary; E is heavier and is used mostly 
for machine sanding. Cloth-backed abrasives 
are available' in weight J for hand sanding. 

Until recently, manufacturers listed their 
abrasive according to grit sizes. This was a 
complicated system, so now they hajre started 
labeling their abrasive paper as fine, medium, 
coarse, etc. Figure 20 shows the corresponding 
numbers and grit comparisons. 

The selection and use of any abrasive paper 
is governed by the type of metal and the de- 
gree of corrosion deposits. You can use aluminum 





GRADE 


USE 


Very Fine 


000 


Fi^al Smoothing 


Fine 


0 


Most CommonJy Used 


Medium 


1 


General Purpose 




• 2 


Rough Work 


Coarse 


3 


Restoration Work 



Figure 21. — Grades of metallic wool. 



oxide abrasive paper to remove deposits from all 
metals. Do not use flint or silicon carbide abra- 
sives on aluminum alloys. 



Metajjlic 



Wool 



Metallic wool has a variety of uses, and 
in many areas it is better than abrasives. 
The four major type* of metallic wools are 
aluminum, copper, stainless steel, and steel. 
Each type is used on its corresponding metal 
surface. Metallic wools are available in six 
grades ranging from No. 3, coarsfc, to 3/0, 
very fine. Figure 21 is a guide to help you 
select the correct grade of metallic wool. 

Scrapers 9 

Heavy corrosion deposits may be removed 
using a locally manufactured carbide -tipped 
scraper like the scrapers shown in figure 
22. After you scrape all of the corrosion de- 
posits away, polish the surface with the ap- 
propriate abrasive. 

Files \ 

A file is a precision-made hardened 'steel 
tool with cutting edges across the surfaces. 
You will' use it for cutting, smoothing, and 
removing small amounts of metal. 
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Figure 22. — Carbide-tipped scraper. 



POWER TOOLS 



Only qualified personnel should use power 
Jpols to remove corrosion on aircraft and air- 
craft components. If an extensive amount of cor- 
rosion requires the use of power tools, request 
assistance from a structural mechanic. 



ELECTROPLATING AND CHEMICAL 
TREATMENT OF METAL SURFACES 



After all corrosion deposits are removed, 
most metala require some type of surface treat- 
ment to prevent further corrosive attacks. These 
* surface treatments may be applied by depositing 
one metal on the surface of 'another metal or 
by .chemical treatments. In any case, the treat- 
ments are all extremely complex ahtf critical. r 
If they are not applied correctly* more damage 
can result to the base metal than had originally 
occurred. For this reason, the treatments should 
be applied only by competent, qualified person- 
nel. Request the assistance of a qualified struc- 
tural ,meclianic for the performance of these * 
surface treatments. . • 



PRE SERVAJIVE SAND PRESERVATION 

A 

The susceptibility of an aircraft to coiM 
rosion, damage is greatest during those periods 
when the aircraft is dirty, inactive^, or being 
shipped. Since aircraft spend more time on the 
ground than in the air, even at an active unit, 
the need for effective protection becomes^ ap- 
parent. 

Suitable protection against cojrrosive attack 
is achieved essentially by placing a barrier 
between the cleaned surface that is to be pro- 
tected and any possible source of moisture. 
Durifig manufacture or overhaul of the aircraft^ 
protective barriers such as electroplate, paint, 
or chemical surface treatment are provided. 
Surfaces that cannot be so treated, and in some 
instances the treated surfaces themselves, must 
be covered with special qorros ion-preventive 
compounds. The protection these compounds give 
is effective only if no moisture, dirt, or active 
corrosion is present on the treated surface. 
Therefore, the surface must be thoroughly clean 
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and dry before a preservative compound is ' — 
applied, It is also necessary that an unbroken 
-film pf preservative^, be applied in as moisture- 
i free an atmosphere as practicable. < 

Under opefratUg conditions, the preservation 
of aircraft surfaces means supplementing the 
protection already present, or providing 'tem- 
porary protection' to damaged areas. This pro- 
tection is provided by the use of various pro- 
tective coatings and barrier materials. We will 
discuss these preservation materials in detail 
later in this section. Now let's discuss some of 
the methods of protecting avionics systems from 
corrosion. 

PROTECTION OF AVIONICS SYSTEMS 

Sometimes we tend to overlook some of the 
obvious means of minimizing the intrusion of 
moisture and contaminants into our aircraft, and 
hence, into our avionics systems. Sound main- 
tenance practices dictate that, unless in actual 
use, hatches, canopies, main entrance doors J 
equipment component panels, and hellhole doors 
•should be kept closed at ail times* This is 
Especially important at sea where aircraft are 
constantly exposed to salt spray, stack gases, 
dust, jet exhaust,, and rain. Since moisture 
tends to collect, the corrosion prevention task 
becomes relatively simple with "thorough in- 
spection, Cleaning, a.nd elimination .of moisture 
traps. The immediate, performance of minor 
repairs precludes future major repairs. 

Corrosion of contact arms and mating sur- 
faces of relays is often caused by exposure to 
a salt-laden atmosphere. If contact points can 
* be ^cleared and other relay components are in 
working order, the relay winding can be cleaned 
and covered with an appropriate varnish. Then 
the relay can be returned to service., If the 
relay is the? open type, it may be ta^fe-cleaned 
with an appropriate solution to rem|fre dirt and 
dust, then dried < thoroughly. Contacts may be 
burnished with an appropriate tool. Relay con- 
tacts should not be filed or sanded to pre- 
sent a clean Appearance. Filing or sanding the 
points removes the "protective hard plating and 
exposes the soft bkse metal.' A relay so treated 
will usually perform only for a relatively short 
& period of time. If burnishing does not clean the 
contact, consider replacing the relay to provide 
dependable operation. , 



Rotarjr switches are most commonly enr 
cpuntered inside control boxes. In some cases, 
the switches hav^ little or no protection against 
dust and moisture, which accumulate, in the area 
of the switch contacts. With such a concentra- 
tion of dust and moisture, fungus and corro- 
sion can begin and develop at a rapid rate. 
Whenever equipment is removed from an air- 
craft for bench check and/or repair, this is 
the logical time to remove all dust covers and 
hdusings for a corrosion check and, if needed, 
appropriate treatment. Little can y be done to 
clean toggle-type switches or other semisealed x 
types. If corroded or otherwise damaged* the 
switches usually need to be replaced, Switch 
and switch-shaft boots and seals, if available, 
should Ibe used to prevent dirt and moisture in- 
trusion. 

Corroded/contaminated lamp sockets Re- 
spond very well io scrubbing with an appropriate 
aerosol-type contact cleaner, a rubber eraser can 
be used -if the lamp does not have a bayonet-type 
base. 1 * 

Multipin-type connectors have caused some of 
the most time-consuming repairs in avionics 
maintenance. Such connectors should be checked 
routinely for the presence of contaminants or 
corrosion each time one ^is removed. Fungus 
growth between connector pins and on connector 
inert, material can cause degeneration of in- 
sulation (dielectric) material between the pins. 

Although multipin connectors are not neces- 
sarily described as structural components, the 
connectors electrically connect electronic units 
housed within structural components. Because of 
their configuration, the connectors are difficult 
to clean and keep clean. A little corrosion or 
fungus on a connector's components could create 
hard-to-locate circuit response problems. Potting 
has generally been considered a cure-all treat- 
ment for connectors. However, experience has 
proven that corrosion can and still does occur 
Respite this treatment. A corroded, unpotted con- _ 
nector can be cleaned, whereas a potted gon- 
nector with similar corrosion usually must^De 
replaced, Recent technology has produced con- 
nectors with integral seals, which preclude the 
n6ed fox: potting, . 

Cable corrosion will occur if cables are 
improperly protected. However, with the use 
of proper protection techniques, cable corrosion 
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can. be virtually eliminated. Use of plastic cover- 
ings can prevent moisture from contacting cable 
insulation. Newer Teflon insulation materials 
have , virtually eliminated penetration of mois- 
ture. However, no cutoff end of the cable should 
ever be left exposed; otherwise, through capillary 
action and/or gravity, moisture can work it- 
self well into the cable. Generally, individual 
wires in a bundle can be ; cleaned of moisture., 
by wiping; however, wires that are damaged 
must be replaced. Entire harnesses may need 
replacing in severe cases. 

' Steals and . filters used with electronic as- 
semblies retain required operating pressures 
ahd prevent direct-water and microscopic debris 
inmision into critical areas. This action pre- 
vents high voltage arcing. Systems having an - 
all-time pfressurization capability should remain 
pressuHzed, regardless of aircraft status. 

\ * * 

Examples of applications where these seals 

are used: 

1, PressurerSeals 

a. So^ie high-voltage generating net- 
works (chassis/subchassis). 
h. Avionic bay pressure bulkheads, 
c. Cockpit-enclosed radios. 

2. Water Seals 

a. Connectors exterior to the air- 
frame, such as wing feutts and pods. 
Aircraft manufacturers have re- 
cently employed sealed aircraft har- 
ness connectors between bulkheads. 

b. Blade antennas and other exterior- 
mounted sensors. 

c. Radomes. 

X 

Loss of or damage to these accelerates 
introduction of contaminants. During maintenance, 
the material condition* of the seals should be 
determined. If seal damage is suspected or visible , 
consider replacing the seals immediately. 

Avionics devices provide continuity of elec- 
trical energy paths through various networks of 
connectors and components. Maintaining the in- 
tegrity "of these electrical energy pathsr can be 
quite la problem. Boxes and housings ar^irfeant 
' to protect ^rionic equipment not only from 
mechanical damage but from environmentally 



caused damages as well. Units should always 
be sealed, as outlined in the Maintenance In- 
struction Manuals (MIMs), to prevent the ad- 
mittance of dust, dirt, and corrosive atmospheres. 

Antenna corrosion can be significantly re- 
duced by two means. First, bed and seal the 
antenna base and fasteners thoroughly with the 
type of 'sealer specified in the MIMs. Secondly, 
inspect and clean frequently those areas within 
the fuselage where the antenna base may be 
exposed to liquid contaminants. 

Metallic surfaces within the chassis that 
canjiot be painted or uniformly coated should 
be treated with a corrosion-prevtentive^cpm- 
pound. (The surfaces include electric contact and 
nonelectronic areas alike.) The treatment for 
these surfaces should be in accordance with the 
applicable MIM manual or the NA 01-1A-509 
manual. 

PRESERVATION MATERIALS 

Some of the,»more common materials used' 
in aircraft preservation and readily available 
through supply are briefly described in the fol- 
lowing paragraphs. 

Corrosion-Preventive Compound 
(Solvent Cutback) 

This material is familiarly known as "paral- 
ketone." It is supplied in three grades (1, 2 and 
4) for specific application. All grades of this 
compound may be applied by brush, dip, or 
spray. The compound may be easily removed 
with Stoddard solvent or minieral spirits. These 
materials are designed for cold application. 
Some preservative compounds must be applied 
hot; therefore, when intending to use one of 
the grades of this solvent cutback material, 
* always verify the specification number (MIL-C- 
16173). 

Grade 1 forms a dark, hird-film, opaque 
cover. Its general use is limited because of 
the difficulty in removing aged coatings and 
also because of the hiding power of the material 
when it is applied over corroded areas. This 
material is used only where maximum protec- 
tion against salt spray , is required. Present in- 
structions generally limit its use to seaplanes 
ajad amphibian surfaces. N 
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Grade 2 is a soft-film, grease-type material 
that can be used on most operating parts* Its 
chief disadvantage is the fac\, that it may be 
„w ashed off under direct exposure to salt water 
or may be removed by inadvertent wiping. This 
material protects under relatively severe con- 
ditions and, given adequate maintenance and touch- 
up as necessary, can be used for most maximum 
protection requirements. 

Grade 4 preservative forms thin, semitrans- 
p&rent- films through which identification data 
can usually be read. It also sets up relatively 
dry to the touch so that preserved parts can 
be easily handled. This grade has proved part- 
icularly effective in protecting wheel well areas 
and other exposed* surfaces where film trans- 
parency is required and moderate protective 
characteristics can be tolerated. The main dis- 
advantages oL this material are that it is easily 
removed by water spray 'and requires replace- 
ment at 1-mpnth intervals under severe exposure 
conditions. 1 

Corrosion-Preventive Petroleum 
(MIL-C-11796) 

These, preservatives are designed for hot 
application and are available in two classes- 
Class 1 (hard film) and Cla3s 3 (soft film). 
Both consist of corrosion inhibitors in petroleum. 
These preservatives are removed with Stoddard 
solvent or mineral spirits. Where a hard film 
is not necessary, Class 3 should always be used. 
This class is easier to^apply and .remove, yet 
readers the same degree of protection. Class 
1 is generally used for long-time indoor pro- 
tection of highly finished metal surfaces and 
aircraft control cables. Class 3 is used to 
p:rovide protection of metal surfaces such as 
antifriction bearings, shock-strut pistons, and 
other bright metal surfaces. 

Class 1 must be heated to 170* to 200TF. 
before being applied by brush or dip. For brush- 
ing Class 3 material, it must be between 60T 
and 12(f F. and, for dipping, between 150* and 
180* F. 

Preservative Oil for 
Hydraulic Equipment 

This oil is used in the preservation of 
hydraulic- systems and components and shock 
struts. The oil is similar in appearance to, 



but is not interchangeable with, operating hy- 
draulic fluid. Therefore, before using operating 
hydraulic fluid (MIL-H-5606) or this preservative 
oil (MIL-H-6083) for any purpose, check the 
specification number to ascertain that the cor- 
rect oil is being used. The preservative oil 
contains oxidation and rust inhibitors, viscosfty 
improver, and antiwear agents. Hydraulic parts 
and components being turned in for screening 
and repair are flushed and drip drained with 
' MIL-H-^083 oil before being forwarded. 

Designed primarily for hydraulic com- 
ponents, this oil may be used on any bare 
critical surface that needs protection. Operating 
hydraulic fluid will protect a steel panel im- 
mersed in water for only about 48 hours. The 
same metal panel coated with MIL-H-6083 in- 
hibited hydraulic oil wilLshow 100-percent pro- 
tection for a period of 30 days or more. 

General-Purpose Lubrication Oil 
(Preservative) 

There are several different types of lubri- 
cating oil, some of which contain preservatives. 
To be absolutely sure that the proper oil is 
used in a given situation, identify each with its 
specification number. The specification number 
for the oil discussed in this section is W-L- 
800. i 

W-L-800 oil was compounded for lubrica- 
tion and protection of piano-wire hinges and other 
critical surfaces. This oil 'is also used when- 
• ever a water-displacing, I >w-temperature, lubri- 
cating oil is required,, 

W-L-800 may be applied, as received, by 
brush, spray, or dip methods. It is readily re- 
moved with Stoddard solvent or mineral spirits. 

General Purpose Lubricating Oil 
(Low Temperature) 

This general-purpose oil (Specification MIL- 
L-7870) is suitable for use anywhere that a 
general -purpose lubricating oil with low tempera- 
ture, low viscosity, and corros ion-preventive 
properties is required. 

This oil is suitable for brush, spray, dip, 
or general squirt -can application.. It does not 
need to be removed before reoiling or for 
inspection* 
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Corrosion-Preventive 
Compound (MIL-C-81309) 



control surface hinges, electrical connectors, 
and microswitches. x 



This material is a water-displacing corro- 
sion-prevention compound and lubricant. It forms 
a thin, clear protective coating when applied by 
aerosol, brush, dip, ot spray. This compound 
offers only short term protection/ so it must 
be reapplied frequently. On exposed surfaces, 
protection at its best is 7 days between applica- 
tions and up to 30 days on internal surfaces 
protected from direct outside environments. 
This material is easily removed with dry-cleaning 
solvents. It is very effective when used in the 
following ar£as: Piano-wire hinges, removable 
fasteners, B-nuts, linkages, bolts and nuts, 



Organic Coating Materials 

Organic coating systems are commonly 
classed as paints, varnishes, enamels, or lac- 
quers. To enable metallic surfaces .to resist 
their environments, coat the surfaces, where 
possible, with an organic coating system. The 
appropriate system is specified in Coast Guard 
Aircraft Paint and Marking Details. Except for 
very small touch-up on components, application 
pf organic coating systems is the responsibility 
of the structural mechanic and should not be 
attempted by unqualified personnel. 
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SELF-QUIZ m 



PLEASE NOTE: Many students study ONLY the self -quizzes and pamphlet review quiz, thinking 
that this will be enough to pass the End-of-Course Test. THIS IS NOT TRUE. The End of-Course 
'Test is based on the objectives of this reading assignment, the text, and the points of knowledge 
tested in this self-quiz. To pass the EOCT, you must study all the course material. 



1 . To ensure that no corrosion products 
rtmain after removing all visible deposits, 

you should remove an additional inch 

of material. ^ 

2. After removing corrosion with a 
coarse-grit abrasive paper, you should finish 
smoothing the surface with ,_ . 

3. What abrasive should you use on paints 
and ferrous metals for both wet and dry 
sanding? ( * 

4. What goveirns the selection and use of 
abrasive paper? 



5. To remove heavy corrosion deposits, 
you may use . 

6. What are the MAIN disadvantages of 
Grade <f solvent cutback material? 

7. What water-displacing corrosion- 
prevention compound Is very effective when 
used on removable fasteners and B-nuts? 
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ANSWERS TO SELF-QUIZ #» 



Following are the correct answers and references to the text pages which cover each question 
and correct answer. To be sure you understand the answers to those questions you missed, you 
should restudy the referenced' portions of the text. 



1. 0.002 (Page 39) 

2. 400- or 600- grit abrasive paper (Page 
39) 

3. Silicon carbide (Page 40) 

4. Type of metal and degree of corrosion 
deposits (Page 40) 



5. a carbide-tipped scraper (Page 41) 

6. This material is easily removed by 
water spray and requires replacement at 1- 
month intervals under severe exposure 
conditions. (Page 44) 

7. Corrosion-preventive compound (MIL- 
C-81309) (Page 45) 



1 i. < 
t 



48 



9 

ERLC 



Ill 



PAMPHLET REVIEW QUIZ 

PLEASE NOTE: Many students study ONLY the sett-quizzes and Pamphlet review 
that this will be enough to pass the Ehd-of-Course*Test. THIS IS NOT TRUE. The End-of -Course 
Test is based on the objectives of this reading assignment, the text, and the points of knowledge 
tested in this self-quiz. To pass the EOCT, you must study all the course material. 



.1, In a corrosive environment, the signifi- 
cant element which causes metals to corrode 



is 



A. 
B. 
C. 
D. 



heat 
oxygen 
salt 
tungus 



2, Control of corrosion depends upon 
maintaining . 

A. surfaces Jree of microscopic debris 

B. low temperature and constant 
humidity 

C. a separation between susceptible 
alloys and the corrosive environ- 
ment 

D. contact of metals of different al- 
loys 

3, Once the electrical couple is made be- 
tween metals, the electron flow will continue 
until the is destroyed. 

A. positively charged metal (anode) 

B. negatively charged metal (cath- 
ode) 

C. least active metal 
Dt nonstressed surface 

4, Uniform etch corrosion is FIRST de- 
fected on a polished surface by 

A. white or grey powdery deposits 

B. general dulling of the surface 

C. small pits 

D. small blisters 



5. Exfoliation is a form of 
sion. 



A. ga\ anic 

B. pitcing 

C. uniform etch 

D. intergranular 



corro- 




6. What causes galvanic corrosion? 

A. A stressed metal in a corrosive 
environment 

B. Improper heat treating 

C. Reaction of a metal with an acid 

D. Dissimilar metals joined by an 
electrolyte 

7. * When fastened together, which group of 
metals will exhibit the MOST corrosion? 



Aluminum and copper 
Magnesium and aluminum 
Zinc and aluminum 
Iron and titanium 



8. ' If uniform etch corrosion on a metal 
surface is allowed to continue, how will the 
surface appear? 

A. Blistered 

B. Dull or rough and frosted 

C. Pitted 

D. Powdery 

9. What causes a pitting corrosion reac- 
tion? 

A. Direct chemical attack on a me- 
tal surface 

B. Advanced stage of intergranular 
corrosion 

C. Difference in potential on a metal 
surface in the presence of an 
electrolyte 

D. Attack along the grain boundaries 
of a metal 

10. What type of corrosion attacks the in- 
terior structured a metal? 

A. Concentration cell 

B. Intergranular 

C. Fatigue 

D. Galvanic 
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11. You can identify exfoliation corrosion 
by the metal surface. 

A. dull < ' • 

B. pitted 

C. blotched 

D. lifted 

12. What are the visible indications of the 
second stage of fatigue corrosion? 

A. Pits 

B. Blisters 

C. Cracks 

D. Powdery deposits 

13. Corrosion on a painted surface is FIRST 
indicated by paint. 

A. discolored 

B. blistered 

C. peeling 

4 D. cracked 

14. What should you use to measure the 
depth of corrosion pits? 

A. Dial indicator 

B. Micrometer caliper 

C. Calibrated 10-power magnifying 
glass 

D. * Borescope 

15. An* external defect is more harmful 
than an internal defect when the external 
de .'ect is 



A. constantly exposed to the ele- 
ments 

B. parallel to the lines of stress 

C. on an airfoil 

D. on "a stressed part 

/ 

16. What metal surfaces are especially sus- 
ceptible to intergranular corrosion? 

A. Magnesium 

B. Corrosion-resistant steel 

C. Aluminum alloys 

D. Titanium 
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17. When inspecting spot-welded metal, you 
can detect the results of a corrosive reaction 
by . 

A. bulging skin 

B. pits in the weld 

C. powdery residue in the weld - 

D. a discolored spot-weld 

18. • Why do piano hinges remain a corrosion 
problem? 

A. Inaccessibility 

B. Infrequent use 

C. Inadequate lubrication 

D. Dissimilar metals 

19. Who should perform corrosion treat- 
ment on electrical and electronic equipment? 

A. Person discovering the corrosion 

B. A qualified structural mechanic 

C. Personnel familiar with the sys- 
tem 

D. Any electrical or electronic main- 
- tenance personnel 

20. What constantly causes corrosion of un- 
protected surfaces in a battery compart- 
ment? 

A. Fumes from overheated electro- 
lyte 

B. Electrolyte spilled during servi- 
cing 

C. Electrolyte boiling over frprri an 
overfilled battery 

D. Constant removal and replace- 
ment of batteries 

21. Even though some contaminants are not 
corrosive, they can cause corrosion by 



A. acting as an electrolyte 

B. joining with other materials to 
form a corrosive compound 

C. removing the protective coating 

D. holding moisture 
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22. Which technical order outlines proce- 
lures for cleaning aerospace equipment? 



A. 
B. 
C. 



T.O. l-l-l 
T.O. 1-1-2 
T.O. 1-1-5 
T.O. 1-1-8 



23. Besides being a breathing hazard, sol- 
vent type cleaners are dangerous because 
they m * 

A. evaporate rapidly 

B. present a fire hazard 

C. ineffectively disperse contami- 
nants 

D. require out-of-doors use 



2*k Which solvent is used as a general all- 
purpose cleaner for metals, painted surfaces, 
and fabrics? 

. A. Aliphatic naphtha 

B. Safety solvent 

C. Dry-cleaning solvent, Type I 

D. Methyl ethyl ketone 



25. Which solvent has a high flashpoint and 
is recommended for general cleaning and 
grease removal of assembled and disassem- 
bled engine components? 

A. Dry-cleaning solvent, Type I 

B. Methyl ethyl ketone 

C. Safety solvent 

D. Aromatic naphtha 



26. Which heavy-duty cleaning compound, 
if used without caution, will soften paint 
coatings dnd remove corrosion-preventive 
compounds? 

A. Alkaline waterbase 

. B. Waterless * 

C. Water emulsion 

D. Solvent emulsion 



27, What abrasive is safe for use on most 
surfaces because it does NOT contain sharp 
or needle-like abrasives? 

A. Emery cloth 

B. Silicon carbide paper 

C. Aluminum wool 

D. Aluminum oxide paper 

28. The actual cleaning action in an ultra- 
sonic cleaner results from the . 

A, short cycles of metal expansion 
and contraction 

B, bombardment of parts' by tiny 
bubbles of hashing compound 

C. sharp fluctuations in temperature 

D. impact, of high-frequency 
waves' 



sound 



29, If an aircraft is only lightly contami- 
nated with loosely adhering soils and water 
soluble corrosion products, what method of 
cleaning should you use? 

A. Water rinse 

B. Water emulsion 

C. Solvent emulsion 

D. Waterless 

30, When immersion cleaning several metal 
parts simultaneously in the same solution, 
what precaution should you take? 

A. Increase the temperature of the 
solution 

B, Increase the volume of the solution 

C, Avoid .mmersing dissimilar meta|s 

D. Avoid immersing more than four 
parts 

31, You can increase the effectiveness of 
paint-removing chemicals by 



A. 
B. 
C. 
D. 



increasing the time the remover 

remains on the part 

agitating the softened paint with 

a K stiff-brittle brush 

agitating the remover with air 

pressure 

mixing the remover with paint 
thinner • 
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32. If an individual is suffering from nar-r 
cosis induced by breathing toxic vapors, one 
of his symptoms is . 

A. extreme mental depression 

B. keen mental alertness 

C. loss of dexterity 

D. hypertension 

33. What is the MOST effective method of 
controlling toxic vapors during equipment 
cleaning? , ✓ 

A. Use exhaust ventilation 

B. Substitute nontoxic for toxic sol- 
vents 

C. Bring in an extra supply of fresh 
air 

D. Adhere .strictly to closed pro- 
cesses 

34. When should the extent of corrosion 
product removal be considered satisfactory? 

A. After removing 0.004 inch of 
material 

B. When the material thickness 
reaches its ri.ihimum tolerance 

C. After removing all deposits visU 
ble through a 4-power magnifying 
glass 

D. When the width of the cleaned- 
out area is 20 times the depth 

35. Wire brushes are available with bristles 
made from carbon steel, stainless steel, and 



A. 
B. 
C. 
D. 



aluminum 
'titanium f 
magnesium * 
brass 



37. When you mechanically remove corro- 
sion products, the FINAL step is to use fine 
abrasive paper to . 

A. clean out the area until the width 
is 20 times the depth 

B. polish the cleaned-out area as 
smooth as the surrounding area 

C; clean out the area until the length 

is 10 times the depth 
D.' blend the cleaned-out area with 

the surrounding area 

3£. Before you apply a. preservative com- 
pound to a metal surface, the surface must 
be . 

A. clean and dry 

B. chemically treated 

C. painted 

D. heated 

39. To eliminate corrosion and fungus from 
electrical connectors, potting is being re- 
placed by . 

A. RTV 

B. shrinkable tubing 

C. integral seals 

D. swaging^. 

40. What general-purpose lubricating oil 
has low-temperature, low-viscosity, and cor- 
rosion-preventive properties? 

A. MIL-H-6083 

B. MIL-C-11796 

C. MIL-C-81309 

D. MIL-L-7870 



36. Stainless steel wire brumes are usually 
used to remove corrosion deposits from 



A. 
B. 
C. 
D. 



aluminum 
brass 

carbon steel 
copper 
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PAMPHLET REVIEW QUIZ 
ANSWER KEY 

Following are the correct answers and references to the text pages which cover 
each question and correct answer. To be sure you understand the answers to those 
questions you missed, you should restudy the referenced portions of the text. 
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NOTICE TO STUDENT 



This pamphlet contains lesson quizzes and a pamphlet review quiz. 
Correct answers and. text references are printed in" the right-hand 
column of each quiz page. A 3 1/4 X 9-inch Answer Key Mask" is provided 
with each course.- Lay the mask over the answers in the rxght-nand 
column. After you answer the questions, remove the mask to check your 
answer with the printed answer. Try to answer the questions m each 
quiz before lookirg bf.ck at the text. 
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This pamphlet contains original material developed at the 
Coast Guard Institute and also excerpts fw>m: 



/ 



Aircraft Painting and Marking Details , * CGTO 42A-1-2 

Corrosion Control Specialist CDC 53550 

* ■ 
Aviation Structural Mechanic &3 & 2 NAVTRA 10308-C 



IMPORTANT NOTE: In February, 1981, the information 
contained in this pamphlet was. current according to the latest^updates 
of those Directives/ Publications listed. This pamphlet was compiled for 
training ONLY. It should NOT be used in lieu of official Directives or 
•publications. It is always YOUR responsibility to keep abreast of the 
latest professional information available for your rate.__ 



The personnel responsible for the latest Review and 
update of the material in this component during February 1981 are: 

* r 

AMCM S. R. Carter /..., (Subject Matter Specialist)' 

Darla Burns „ (Education Specialist) 

YN2 P. J. Schneider \ (Typographer) 

YN2P. J. Schneider (Typist) 

Questions about the text should be addressed to your course writer. 
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CORROSION REMOVAL, ELECTROPLATING*, AND PASSIVATION 



187 



oBjEcrrivES 



When you complete this section; you will be able to: 

1. State the different types of power tools for use in corrosion re- 
moval. 

» • # # 

2. Demonstrate the proper use of the different types of power tools 
in corrosion removal, ( c 

3. Describe .the use of acid corrosion removers, 

4. , Describe the use of alkaline corrosion removers. 

Explain the purpose of electroplating and passivating metal sur- 
faces and describe the passivating process, ' 



5, 



fc« Identify the safety precautions 
hazardous chemicals, \ 



you must 'observe when using 



a m 



When corrosion is apparent, a specific 
and immediate program for corrective treat- 
ment is required, A complete treatment in- # 
volves removing and cleaning paint from 
all corroded areas, removing corrosion pro- 
ducts, restoring protective surfaces treat- 
ment' films, and applying protective coatings 
and finishes. Each type of corrosion has its 
own peculiarities and requires special 
treatment. 

< 

The types of corrosion and light corro- 
sion removal have been discussed in the 
basic corrosion control pamphlet. This pam- 
phlet will explain corrosion control on a 
larger, scale.- It requires the useoof power 
tools, special chemicals, and the special 
talents of qualified, knowledgeable structu- 
ral mechanics. Remember, an unqualified per- 
son attempting tq, corredt corrosion damage 
can unknowingly effect catastrophic results. 



>CCHANklAL CORROSION REMOVAL 



POWER TOOLS 

If the area of corrosion removal is 
large and readily accessible, you should 
use power tools to save time. However,, you 
must be careful when using powered equip- 
ment. It is easy to use too much pressure, 
even when you are using the specified brush, 
grinding wheel, or sanding disc. 5 - This ex- 
cessive pressure will damage the metal. 



Before using any powered equipment, 
remove all rings, watches, and other jewels- 
wear the proper personal safety 
(for example, goggles, face 
respirator). Insure that all 
powered equipment is grounded, 
jpneumatic jpowered equipment air 



ry. Always 
equipment, 
shield^ or 
electrical 
Check all 



hoses for breaks or bulges in the coverings, 



Sanders And Buffers 



Electric or pneumatic sander-buf fers 
provide a staple method of sanding or 
polishing metal surfaces. There are many 
varied types of sanders and buffers. They 
are available with, oscillating heads for 
sanding and buffing, or* with interchangeable 
heads so that grinding wheels or wire brush- 
es may also be used. When you use the power 
tool** as a sander, be sure to check the size 
and /type of the abrasive disc. Insure that 
the type of disc is compatible with the- 
metal. > 

To prevent /the sander • from * digging 
into the metal, start it before you touch 
it tt> the metal/ Upon completion of the 
sanding stroke, % lift the sander from the 
metal before releasing the stop switch. . 
Do not lay the unit down with the motor 
running. 

' Your will obtain the best results by- 
applying moderate pressure while you hold 4 
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the sander against the work. You should 
keep tfie sanding disc tilted to approximate- 
ly* a 10° angle so that only one side of 
the ' disc . is in contact with the metal- sur- 
face, as* shown in figure 1* If the entire 
disc surface is in contact with the surface, 
a "bucking" effect will occur. ' 

Move the sander over the surface with 
parallel and slightly overlapping strokes* 
Move it as slowly as possible without burn- 
ing the metal. Generally, the cleaning rate 
should be about 2 square feet per minute. 



TOO FLAT 




Approximately 30° angle 
too tilted 




APPROXIMATELY**) 0 ANGLE 
CORRECT 

Figure 1. - Sander. 



ing pads, or buffing wheels. These drills * 
are available 0 in many shapes and si?es to 
satisfy almost any requirement. T^e maxi- 
mum chuck capacity ?f the portable powefred 
drill is usually 1/4 inch; that is, the 
chuck of the drill will hold a tool shank 
up to 1/4 inch in diameter. 

When it is difficult or impossible 
to reach the work area with a straight 
drill, you may use flexible shafts or angle 
adapters. The flexible shaft permits working 
around obstructions w^th a minimum of ef- 
fort; 

To prevent the rotary file, abrasive 
wheel, or sanding disc from digging into 
the metal, keep the tool off the metal when 
the drill is started/ Upon completion of 
the grinding stroke, lift the tool from 
the metal before releasing the drill switch. 



When using the air drill, insert the 
tool shank and securely tighten the* chuck 
with the chuck key. Holding the drill motor 
with both hands, apply moderate pressure 
as you hold the rotary file, sanding disc, 
or abrasive wheel against the work. Exces-* 
sive pressure will cause a "chattering" 
effect. 



Move the tool over the surface with 
slightly overlapping strokes. Do not grind, 
sand, or' file in one area for any length 
of time without stopping and allowing the 
metal to cool. Excessive metal heating al- 
ters the granular structure, which can re- 
sult in severe corrosion. 



Needle Descaler 



Figure 2..- Needle descaler. 

When using the sander-buffer as a buf- 
fer, apply a small amount of jewelers rouge, 
or other buffing compound, to the buffing 
wheel. Then follow the same procedure as 
for sanding « v ' 

Pneumatic Drill 

A portable pneumatic drill may be used 
to turn rotary files, grinding wheels, sand- 



The needle descaler, shown in figure 
2, is a pneumatic hammer having a multiple- 
needle or chisel head. This tool is used 
to remove corrosion from metal surface areas 
that are Aard to get at, such as grooves, 
corners, and around nuts and bolts. Do not 
use the— n ee dl e descaler on thin metal sur- 
faces. 

The dedcaler operates with a recipro- 
cating action' delivering 4,600 blows per 
minute. Its 19 wear-resistant alloy needles 
hammer ' the surface clean. Air exhausting 
through the front of the tool 4ceeps the 
work free of debris. 



DUST COLLEXTOR 



A BR ASJVE RECLAIMER 



ABRASIVE HOPPER 



BLAST GUN SET 



VACUUM PUMP ' 




Figure 3. - Abrasive blaster. 



Abrasive Blaster 



Portable abrasive blasters are used 
to remove cofrosion and paint from metal 
surfaces. The abrasive blaster r is operated 
by compressed air bombarding the surface 
with an abrasive (sand/ grit, shot, or glass 
beads) at higfr velocity. Abrasive blasting 
eqtiiDpient is simple to operate, but each 
type of equipment has its own peculiari- 
ties. Therefore, you * have to follow the 
operating instructions for a particular type 
of equipment, to prevent damage to the equip- 
ment* or the material being cleaned. 

A vacu-blaster, one type of an abrasive 
blaster, contains five individual items of 



equipment assembled into one cotamon portable 
unit. These individual units are the abra- 
sive hopper, abrasive reclaimer, ddst col- 
lector, vacuum pump, and the blast ^un set, 
as shown in figure 3. 



The abrasive hopper has a capacity 
of 5 • pounds and is secured to the bottom 
of the abrasive reclaimer. It continuously 
receives the abrasive from the reclaimer 
to supply the feed mechanism. The feed me- 
tering . valve sends a cSitrolled volume of 
air upward through the hopper, thus causing 
the abrasive to flow through the feed valve 
and hose to the blast gun. y 



TABUS 1 



Cowman Removal Pbocedubu fob Aluminum 



TYPE OF 
CORROSION 

Light or heavy 
pitting or etch* 
ing of Aluminum 
(clad). •/ 



Light, or heavy 
pitting or • ton- 
ing of aluminum 
(nonclad). 



STEP 1 
CLEANING TO REMOVE 
FOREIGN MATTER 

Rtmovt foreign matter 
with cUtMr, Spec 
MLL-C-25769. 



As above. 



STEP 2 . 
PAINT STRIPPING 
•(WHEN APPLICABLE ) 

Readily accessible 
areas: Strip. with 
stripper, Spec 
MIL-R-25134. 



Confined areas: 
with solvent. 

As above 



Strip 



• STEP 3 

CORROSION REMOVAL 

Remove corrosion with 
Corrosion Removing 
Compound MIL-C- 
3S334- 



Remove corrosion by 
* mechanical method or 
Corrosion Removing 
Compound MIL-C- 
.38334. 



Into rgranular 
or exfoliation 
corrosion of 



As above. 



• y As above 



Light or heavy 
corrosion on 
small aluminum 
parts which can 
be removed for 
treatment 



Stress corrosion 
cracking of " 
all 



- Painted Parts 
Clean and strip in 
solution of paint and 
varnish remover,; 
Spec MXL-R-77&1. ' 
s> 

Unpafntod Parts 
Clean 'with compound, 
Spec P-C-436. MIL-C- 
5543, or vapor 
degrease. 

► ' , 

Not Applicable 
Replace or repair de- 
fective part as required 
in applicable -3 tech- 
nical order. 



Not Required 
If cleaning was 
accomplished with 
paint and varnish 
remover. Spec. 
MIL-R-7751. 



See' Step 1. 

# - 



Remove corrosion by 
mechanical method. 



Remove corrosion and 
ojrifee.film by immer- 
s^onXf parts in phos- 
phoric-chromic acid 
solution. 



See Step 1. 



prevent plugging of the. feed hose 
operations, a* duct is installed 

lq the vacuum^ 
revense flow* 



To 

between 

between the feed tee housing a: 
chamber* This results in a ■ 



of air . through the feed hose, conveying 
the- abrasive bac^c- to the hopper. * 

The abrasive reclaimer, is a cyclon^ 
separator which receives all abrasiyjes re- 
tiirned by the vacuum. unit* The cyclone ac- 
tion separates the abrasive ^articles from 
the air stream. ' " They arfe deposited oft a vi- 
brating screen located between the reclaimer 
and the hopper* Oversized debris is trapped 
by the vibrating screen, which must be pe- 
riodically cleaned* Unusable dust is carried 
by the airstream from the abrasiyfe, reclaimer 
to the dust collector unit. 



The dust collector contains envelope 
type cloth filter bags* A manually operated 
bag shaking mechanism permits the dust to 
fall, into the dust tray* This dust tray 
must* .be emptied frequently* The upper, panel 
of a the dust collector is removable so that 
the dust bags may be periodically removed 
for thorough cleaning dad inspection. 

Functioning as a vacuum cleaner, the 
air ejector vacuum puipp is mounted, on the 
dust collects)? housing. It produces a. vacuum 
of 40-inch static pressure to pick-up the 
abrasives at the gun nozzle and return them 

to the abrasive reclaimer* 

*> 

The blast gun set includes 20-foot 
lengths of air hose, abrasive hose, and 




TABLE 2 



i 
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Comocion Removal Peoceduies foe Magnesium 



typeL of 
corrosion 

Light pitting 
o> idrfac« 

oxidation. 



STEP 1 ^ 
CLEANING 

* r 

Rtmovt foreign 
matter with cleaner, 
MIL-C-25769 or 
P-D-680 Type II. 



Heavy pitting Ae abov#. 
or etching. < v 



Inte rgranular Ae "above . 
or exfoliation. 



Streee. 



Light or heavy 
corroeion on 
email part* 
which can be' 
removed for • 
treatment. 



Not applicable 
Repair/Replace ae 
required in struc- 
tural handbook. * 



or 

it practical 



STEP 2 
PAINT REMOVAL 

Readily»acceeeible 
areae: M1L-R-25134. 
Confined areae: 
'paint thinner. 

Ae above. 



Ae.abovi 



STEH 3* • 
CORROSION REMOVAL 

Remove corroeion with 
chromic acid pickle 
eolution. 



Remove corroeion by 
mechanical and 
chemical method*. 

Remove corroeion by 
mechanical method. 



Not applicable. 



Uie mechanical or 
chemical methode. 
Readily acceaeible 
areae: Paint •trip- 
per, Spec MIL-R- 
25134. Confined 
areae: Ethyl Ace- 
tate, Spec TT-E-751^ 
or lacquer thinner, 
Spec TT-T-266. 



Not applicable. 
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vacuum ho w e. The hand-held gUn is construct- 
ed o/ aluminum ajid is approximately 7 l/2 
inches long. The lower end of the gun hous- 
ing is 1 protected by a replaceable rubber 
liner* A circular nylon brush is also mount- 
ed on % the lover end of the gun housing. 
This brush prevents escape of the abrasive 
particles until they are picked up by the 
vacuum system. .The entire vacuum* blast unit 
operates on an air supply of 100 cfm at 
100 psi. 

CHEMICAL CORROSION REMOVAL . 

The removal of corrosion by chemical 
means is recommended when there is no danger 
of the chemical becoming trapped in crevices 
and recesses •« Acid' and alkaline chemical 
solutions are used to' remove oxide forma- 
tions, rust, and other types of corrosion. 

ACID CORROSION REMOVERS . 



THe acid corrosion removers are adapt- 
able to either immersion- or brush applica- 



tions. Ve shall* now describe the .basic aqid 
corrosion removers. * 



Corrosion Removing Compound, 
MIL-C-38334 



The compound 
chemically remove 
and its alloys, 
solution for use 
parts and must not 
plated steel parts, 
The acid must be 
corrosion removal 
and masking tape. 



MIL-C-38334 is used to 
corrosion 0 from aluminum 
It is a phosphoric acid 
only on aluminum alloy 
be rinsed over magnesium, 
or operating mechanisms. 

confined to the area of 
by using barrier paper 



Dilute the corrosion removing compound 
with an equal volume of water before use. 
Mix > the compound in a wood, - plastic, or 
plastic-lined container* Apply the compound 
,to the corroded area with a sprayer, mop, 



sponge, or brush, 
apply the compound 
the application at 
prevent streaking. 



When it is necessary to 
to a large area, begin 
the lowest 'surface to 
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TYPE' OF 
CORROSION ' 

Light or heavy rust 
on structural parts 
or ii semblies , such 
ai^btami, columns, 
panels, brackets, 
gussevts, rack*, 
caiti, and housings. 

Light or heavy rust 
on parts as above 
where chemical • 
rustjremoval is 
practical. 



TABLE 3 



Corrosion Removal Procedures for Ferrous Metals 



STEP 1 
CLEANING TO REMOVE 
FOREIGN MATTER 

Remove heavy grease or 
foreign matter with 
cleaner. Spec. MIL-C- 
'25769, or other material* 



As above. 



STEP 2 . 
PAINT STRIPPING 
WHEN APPLICABLE 

Normally not required. 



As above. 



t STEP'S 
CORROSION 
REMOVAL 

Abrasive ^Wast^ 
ing, grinding, 
wire brushing, 
and/ or sanding. 



Remove corro- 
sion by wire* 
brushing and/or 
•ending ^LLowed 
by phosphoric 
acid etch with 
Spec M1U-M- 4 
"10578 material. 



j 



Light bV heavy rust' 
on small parts 
where vat treatment 
is practical. 



Remove grease or 
foreign matter. 
Cleaning not required 
if alkaline corrosion 
removal is . used. 



\ 



remain on the 
minutes while 



Allow the compound .tq 
surface no longer than 12 
agitating with a stiff bristle nonmetallic 
brush. After all corrosion deposits are 
loosened, rinse with a stream of water or 
wipe thfe compound off with a cloth rinsed 
frequently in clean water. A summary of 
the procedures to follow when you are remov- 
ing corrosion, from aluminum alloy 1 parts is 
given in table 1. " 

Pasa-Jell 101 and 102 

In areas where liquid oxygen compati- 
bility is a requirement, use Pasa-Jell 101 
on corrosion-resistant steel, and Pasa-Jell 
•^102 'on aluminum, to 6 remove the corrosion 
deposits. Apply the concentrated compound 
yith a fiber brush. Agitate areas of deep 
pitting with an acid-resistant fiber brush 
or* a non-metallic abrasive mat until aH 
corrosion deposits* are loosened. Wipe off 
*he residue with a moist cloth rinsed fre- 
quently in clean water. 



Not required if 
alkaline corrosion 
removal method is 
used or if cleaning 
is accomplished 
with paint and 
varnish remover,, 
Spec MIL-R-7751. 



Acid Method: 
Remove corro- 
sion by immer- 
sion in phos- 
phoric acid solu- 
tion* Alkaline 
Method: Remove 
corrosion by im- 
mersing parts in 
alkaline solution. 



v 



Chromic Acid Pickle 



Use the chromic acid pickle solution 
to remove surface dkidation and light corro- 
sion deposits from magnesium and magnesium 
alloys. This solution is not adequate for 
cleaning 'deep pits or heavy corrosion de- 
posits. Deep pits or heavy corrosion de- 
posits require corrosion removal by mechani- 
cal methods. " "• 
$r 

Prepare the chromic acid pickle solu- 
tion by mixing 414 ownces of chromium tri- 
oxide with enough , water to make 1 gallon 
of the solution* Mix the solution in a lead- 
lined £teel, corrosion-resistant steel, or 
an 1100-aluminum container. 

Use masking tape and barrier* paper 
to protect nearby .operating mechanisms, cre- 
vices,, plated steel, or copper parts. Apply 
the solution with an acid-resistant brush. 
Allow the solution to remain on the surface 
for, approximately 15 minutes while re- 
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applying to keep the surface wet and agi- 
tating if necessary. When all corrosion 
deposits are loosened, rinse the surface 
thbroughly with clean" water. A summary of 
the procedures you „ should follow when re- 
moving corrosion from magnesium^ 
alloys is given in table 

' *> 

Phosphoric Acid Base Rust Remover, 
M3X-M-1#5?8 



and""its 



piosphorif 



4 The piosphorip * acic^ solution is used * 
to ^ remote corrosion' from steel, corrosion- 
resistant steel, and copper surfaces. It 
is also, used to condition these surfaces 
before painting. If heavy rust deposits , 
are present^ first remove them by mechaiii- 
cal method^. % 

Dijute the concentrated v remQver witli^ 
an equal volume of water. After the solution 
is thoroughly mixed, apply it to the cor r 
roded surface with a brush or swab or vn- . 
merse the part in the solution. Allow the 
remover to remain on the ; surface from 2 
to' 10 mjjiutes to loosen tftie deposits. 'Then 
rinse tjie remover from thj? surface with 
plenty, of wate$, preferably hot. After rins- 
ing, - dry the part and immediately apply 
a prdtective .paint or finish. Table* 3 lists 
a summary of the procedures to follow when 
you are removing ccnfrosion from ferrous 
alloys. 

v» **- 

\ 

Nitric-Hydrofluoric Acid 

s 

• Use the ; nitric-hydrofluoric acid solu- 
tion to remove light corrosion and oxide" 
films from corrosion-rtsistant steels and 
titanium; Jlemove heavy scale or corrosion - 
deposits by mechanical means, and give the. 
metal an acid dip to remove any remaining „ 
deposits. 

Since the 0 acid content of this solu- 
tion can vary from 5 to -50 percent nitric 
acid and 0.5 to 5 percent hydrofluoric acid, 
determine the correct percentages by using 
test panels.: Make the test panels, 1x4 
. inches, of the same material as that being 
cleaned. Then process the test panels 
through the complete cleaning cycle* Ob- 
serve the reaction of the solution; refer- 
' ring to *T0* 1-1-2, adjust the acid concen- 
' Orations until you get a suitable remover. 



Never use an acid solutiofi to remove 
corrosion from high-strength steel parts> 
Acid causes hydrogen, embrittlement of v the 
stee V which leads to accelerated corrosion 
and -premature failure of the part . ^ t ~" 



Sulfuric Acid 



Use <the sulfuric acid solution to re- 
move corrosion from copper parts that can 
be disassembled for immersion cleaning. Pre- 
pare the. Solution by adding the acid to the 
water until you obtain a 5-^to lOpercent 
sulfuric acid solution. ' 



Immerse the copper parts in the fccid 
solution wELle maintaining a solution temp- 
erature between 60° and 120° F. Determine 
the required temperature, imiaersioji tftne, 
and acid concentration by test. 



If a red stain appears following the 
above treatment*, immerse the parts in a 
solution containing sulfuric acid, 4 to 
10 plercent 'by volume; solium' dichroraate, 
4 tb 8 ounces; and enough water to make' 
1 gallon of solution. You also determine 
the immersion time an* acid concentration 
of this solution by tesi. tyien you remove 
the parts, rinse them' thoroughly and dry 
them rapidly to prevent water staining. 



ALKALINE CORROSION RpIMOVER 

Use^Tfi^ alkaline corrosion removing 
compounds to remove corrosion from ferrous 
and copper alloys. The compounds also remove 
dirt, grease, o and paint from the parts, 
eliminating the precleaning step from the 
corrosion removal* procedure. 

Prepare the alkaline corrosion remov- 
ing solution by mixing approximately 5 
•pounds of Sodium^ hydroxide to 1 gallon of 
water. The mixfc€ be done 1x1 a s J eel 

mixing . tank.. Ipmerse the parts in the -solu- 
tion until they are cleaned* Use high* temp- 
eratures, up to 212° F., to speed the clean- 
ing process. When you remove the parts, 
% rinse ,them thoroughly, preferably in hot 
water. Dry the parts and immediately apply 
a protective finish. . - % 



ELECTROPLATING AND PASSjVATION 
OF METAL SURFACES ' % 

' . . J. > 

Af*er you have removed all corrosion 
deposits, most metals require some* type 
of surface treatment to prevent further 
corrosive attacks. These surface treatments 
may be applied by depositing dne metal on 
-the surface of another metal ox* by treating 
with chemicals. Make sure that the part 
or parts are thoroughly cleaned before at- 
tempting any type of surface treatment.* 



PLATING PRO 



C^S 



.Plating (electrodeposition) is a method 
of producing a metallic coating by electro- 
chemic^^ means • In the plating process, ~ 
metal particles are transferred from a sol- 

* uble anode through the , plating solution 
to* the cathode .(the metal being plated). 

Plating is made possible by applying . 
a DC voltage great enough to overcome the " 
natural resistance of the system and furnish 
sufficient energy to transfer the metal 
particles to the cathode. The voltage re- 
quired for "the plating process may vary 
from 6 to 28 volts direct current. Thf plat- 
,. ing solutions contain various chemicals to 
produce the type of deposit wasted. The 
concentrations of these chemicals are rigid- 
ly controlled to give thj desired condition 
of acidity or alkalinity, current density, 
anode corrosion, etc. . ✓ «* 

w * 

The ' plating process pauses metal crys- 
tals to form on the surface of the item 
being plated. The control of the concentra- 
tion of the chemicals, temperature, current 
density, etc., are factors which affect 

* the size and brittleness of the crystals. 
Small crystal size is usually desirable 
to reduce labor cost and the time required 
to finish (buff o^ polish) the surface after 
plating. * 



You can test small arfeas of the surface / 
to be chromate coated -*for cleanliness by. 
performing *a water-break te^t. Spray an 
atomized mist ,of distilled water, on the 
surface. If the water gathers into droplets 
within 25 seconds, the surface has failed 
the cleanliness test. If the water forms 
a film by .flashing out suddenly, it is evi- 
dence that the surface is contaminated. 
If the water droplets gather into a contin- 
uous film, without sudden flashout, the 
surface, is clean and ready to receive the 
chromate coating. f 

Chromate Conversion Coating,' 
MEk-C-554;l 

V / ' 

the chromate coating is used to form 
the opd.de film on aluminum and its alloys. 
This film provides an acceptable paint base 
for the enamel or lacqyer coating systems. 
It does not provide a suitable paint base 
for^ the epoxy coatings as the bonding power 
of the epoxy to the chrajnate is greater 
than the chromates' bondirfg power to the 
metal. Prepare the chromate solution accord- 
ing to the manufacturer's instructions . t Then 
allow the solution to stand, 1 hour before 
use. , 

Apply the solution to the cleaned 'alu- 
minum surface by spra^ingj or immersing, 
op by using a fiber briS^Te brush, sponge, 
or cloth* Keep, the surface wet until the 
coating is formed, which may take from 1 
. td 5 minutes. Do not allow the chromate 
solution to dry on the metal surface, be- 
cause it is difficult to wash off and pro- 
vides poor paint adhesion. 

Rinse the treated area with clean wa- - 
ter, or sponge the area with a clean cloth 
. rinsed 'frequently in water. After the ex- 
cess chromate solution is removed, allow 
the surface to air dry. Do not agitate the 
new coating before it is completely dry, 
as it can be removed by brushing or rubbing. 



CHEMICAL PR0CE5S 



Chromic Acid Brush-On Solution 



Use chemical surface treatments to form 
oxide films on the surface of metals. These 
induced films " are more corrosion resistant 
than* the , films that are formed naturally. 
They are *^lso more wear resistant than 



natural films 
service life. 



and give the parts greAter 



Tlie chromic acid brush-on solution may 
be applied.^ to all magnesium parts that 
require touchup. This treatment is less 
critical to apply than other brush-on, treat- 
ments. It is inexpensive and does not pre- 
sent the toxic hazard of the other ,brush-on 
treatments. 
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• Prepare the chromic acid brush-on solu- 
tion ~by mixing 1 1/3, ounces of chromic acid, 
1 ounce calcium sulfate, and enough water 
to make 1 gallon of solution. The solution 
should be prepared in a stainless steel, 
aluminum, vinyl, or rubber container. 

Apply the solution with a brush, keep- 
ing the » surface wet until the desired film ^ 
^olor is formed. The treatment time must- 
not be less than .30 seconds nor longer than 
3 minutes. Treatment time up to 1 minute 
produces a brassy film, .-while 2 to 3 minutes 
produces a dark brown coating. For test 
paMt adhesion, the - dark brown coatings 
are preferred. Remove the excess solution 
with cold running water, and allow the sur- 
face, to air dry. 

Most metals require the application 
of an organic coating for further corrosion 
protection. After removing corrosion and 
applying chromate coatings, paint the sur- 
faces as soon K as possible. Refer to the 
applicable, aircraft painting and marking 
details drawing for the specified type of 
coating and CGTO 42A-1-2 for the proper 
finishing procedures. 



SAFETY PRECAUTIONS 



Safety precautions may seem like a 
little bit of a nuisance to you, but when 
you become a supervisor in this field, you 
will learn that a preventable accident 
even if it f s only a mino^ one - is much 
more of an aggravation than^the little trou- 

* ble it takes to be careful. You will find 
then that you are the- one who has to fill » 
out accident reports, medical ^report's,, etc., 
and* that^ycfu, the supervisor, will have 
to answer higher up for not making sure 
that the men Vorking for you avoiji unsafe 
practices . When you become , a k superyis9r, 
just what are your responsibilities in f the 
field of safety? Let's take, a look 1ft* them. 

Adequate personal* protective equipment 
' must* be provided * to all personnel engaged 
. in handling chemical solutions. However, 
• tKis .does -nkt . guarantee safe Vprking con- 
ditions. Safe working conditions depend on 
adequate ventilation, light, fire and Itealth 
precautions, and intelligent conduct on the 

• part of ea*ch person. 

Supe rvis or s are directly re spons ible 
for insuring that all possible safety mea- 



sures are ' employed. If a work safety prob- 
lem exists, the supervisor should seek the 
advice of the Safety" Officer or the Engine- 
ering Officer. 

Safe working conditions require that 
safety, instructions be §iven each new person 
and a 'continuing reinstruction program be 
given all maintenance personnel.. First aid 
training should be ta.ught and practice ses- 
sions permitted. 

/£u personnel should practice the fol- 
lowiijg safety techniques: 

1. Wear personal protective equipment 
when handling or mixing any chemi- • 
cal* solution.* , • 

2. Do NOT allow chemicals to come 
int^ contact with open wounds or - 
skin abrasions. * 

3* Do NOT store, handle, or eat foods 
where* toxic fymes are present. 

4. Wash hands thoroughly after hand- 
ling any chemical. 

5. ALWAYS Add the acid t<5 the water, 
not the water to the acid, when 
mixing a- chemical solution. 

> i ' 

STORAGE OF HAZARDOUS SUBSTANCES 



Sulfuric, nitric, hydro<Jhloric, phos- 
phoric acids, and other hazardous~chemical$ 
must be properly stored. Quantities in ex- 
cess of the immediate use t should not be 
kept in the shop aria. Because of the 
hazards \ involved in the use of • these mater- 
ials, • you must take measures to prevent 
their • use by unauthorized personnel. Pro- 
per storage is also essential to protect 
and° prolong, the usefulness, and effective- 
ness of chemicals. 

Toxic Materials 

Areas in which toxic materials are 
stored and mixed should be completely en- 
closed and locked to prevent the materials 
falling ' into -the hands of unauthorized per 7 
^sonnel-. Storage spaces should be located 
where* the toxic contents cannot contaminate 
food supplies or create fire^hazards. Chro- 
mic and nitric acid may ignite when in con- 
tact with combustible material or vapors. 
Therefore, these acids should be isolated 
from combustible material and from alcohols, 
acetone, or turpentine. 



Facilities 



\ 



/ 



In addition ' to providing for the safe 
storage of toxic t materials, shops must be 
^equipped with hot and cold running ^water, 
soap , y and shower facilities,,*© enable per- 
sonnel to quickly remove any spilled chemi- 
cals* Lacker space must -be provided for 
storing, work clothing. Work benches are 
needed for minor equipment maintenance. 
Scales, volumetric measuring devices, and 
adequate mixing vessels must be provided for 
the safe preparation of chemical solutions. - 

SOLUTION DISPOSITION 

Do not' discard highly toxic chemicals 
into storm or sanitary sewers unless ap- 



proval has been 'obtained frofo the Engineer- 
ing or Public Works Officer. Until such 
approval -of the method of disposal is ob-- 
, tained, store the solutions in isolated, 
appropriately marked, containers. 



Before you start forgetting ; what we 
have discussed about the supervisor's res- ( 
ponsibilities in the safety area because 
you are not a supervisor yet, remember that 
these are the responsibilities of your cur-* 
rent supervisor.* Nov, ask yourself, "Who's 
he trying to' protect?" That 's right - among 
others, you. So why not help him out? 
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" . / ; LESSON QUIZ % 

\ 

Directions: Cover .the. answers to the questions with the ertclosed 
Answer Key Mask. Carefully answer the questions; then 
1 remove the mask to check with the printed answer. -If 
: you ? answered any question incorrectly, refer to the text 



material. 



QUESTIONS 



1. To prevent a power sander from digging 
into the metal tp , be sanded, you should 



<2. When >you are using a power, sander, 
generally how much surface area should you 
cover per minute? 

3. When you are sanding or grinding with 
power* tools,' excessive metal heating alters 
the • 

.4. The five individual units which compose 
a vacu-blaster Ire the abrasive hopper, 
abrasive reclaimer, dust collector, blast 

, gun, and . • 

5. In a vacu-blaster, after the abrasive 
particles are separated from the^ia^tream, 
where are they 'deposited? ^ ^ 

* 6. One of the MAJOR considerations before 
using chemicals to remove corrosion is that 



7. 'When using the corrosion removing com- 
pound, MIL-C-38334, on an aluminum^Jloy, 
you should allow it to remain on the surface 
a MAXIMUM of minutes. 

8. The alkaline corrosion remover solution 
is a mixture of and water. 

9. In the electroplating process, metal 
particles are transferred to the metal being 

plated from *a - • 

v \ 

10. In the chemical treatment process, 
small /areas of' the rjtetal surface to be 
chromate coated are checked for cleanliness 
by a * te st . 

11. When preparing a chemical solution, 
how should you, mix acid and water? 

12. Why should cjtromic and nitric acid 
be isolated fron/ alcohols, acetone," and 
turpentine? 




„ 4 

1. start it before touching it to the 
metal. (Page 1.)" 

2. Two square feet (Page 2.) 

3. granular structure (Page "2.) 

4. vacuum pump (Page 3.) 



5? on the vibrating screen (Page 4.) 

^6.-, there is no danger of the chemical 
b^otaiii^ trapped in crevices and re- 
.cesses, ^^ge 5.) 



7 V 12 (Page 6.) 



sodium hydroxide (Page 7.) 
V 

soluble anode (Page 8.) 



10. water-break (Page 8.) 



11. Add the acid to the water, not the 
water to the acid. (Page 9.) 

12. The acids may ignite when they 
come in contact with combustible 
material ,or vapors. (Page 9.) 
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AIRCRAFT AND COMPONENT PAINTING AND PAINT 
TOUCHUP 



OBJECTIVES 

When you complete this section, you will be able to: 

1. State the primary and secondary purposes of paint coatings. 

2. State the authority for Coast Guard aircraft paint color schemes. t 

3. Describe the procedure for applying the polyurethane paint system. 

4. Describe the procedure fo^r painting radomes. 

5. Identify $he types of equipment for applying paint coatingX* 

6. Explain the proper use of a paint spray gun. 

7. State the safety precautions you must observe while mixing, ap- 
plying, and storing paint. ■* * 



Surfaces of aircraft equipment arfc sub- 
jected to many natural and man-made environ- 
ments. Protecting surfaces from these en- 
vironments is one of the most important 
functions *of an aviation structural me- 
chanic. Inadequate control of corrosion can 
shorten equipment life, hinder mission ac- 
complishment, ,or endanger personnel or 
equipment • 

To enable metallic surfaces to resist 
theix; environments, the surfaces may be 
* coated with an organic coating system. This 
organic coating is* a liquid or semiliquid 
material which is applied to the surface 
by mechanical , means • .When dried or cured, 
the coating provides an adherent filJB, tHat 
tends to isolate the metal from its envi- 
ronment. Organic coating systems are cow- 
monly classed! as paints', varnishes, enam- 
els, or lacque/rs. 

1 i i 

The pidniary objective of any paint 
finish is thlf protection of exposed sur-^ 
faces against) deterioration. There are 
secondary realms for particular paint 
^sfliemes: the Reduction of glare by non- 
specular coatings , the <use of white or 
light colored h^Lgh^gioss finishes to' reduce 
heat absorption j. comouflage or high visi- 
bility requirements, or special identifica- 
tion Markings. There is seldom justifica- 
tion for repainting for appearance sake 
only. A faded or stained, but well -bonded, 
paint finish is better than a fresh touch- 
up treatment improperly applied over dirt* 
corrosion products, or other contaminants . j 



The amount of paint touch-fup at the 
unit level will vary widely with the activ- 
ity involved, the . availability of facili- 
ties, and the area of operations, v 



Complete refinishing, particularly un- 
der field conditions," should be restricted 
to those areas in which existing paint 
finishes have deteriorated, through age ajid 
exposure, until they fail to perform their 
protective functions Renewal of special 
finishes and markings should also be re- 
1 stricted to those situations where the pur- 
pose of the specialV finish is 'not being 
served. However, maintenance and repair of 
paint finishes at the unit level is, ex- 
tremely important . This x period covers' the 
evaluation of initial paint finishes at the 
time of aircraft receipt through the con- 
stant surveillance and maintenance of fin- 
ishes during a service tour. 

> 

For this 'type of application, it is 
often impractical to touch-up small surface 
areas when the tota l of t * ie areas would 
not justify -the time consumed* for set-up, 
cleaning, surface preparation, paint mix- 
ing, spraying, etc. It would be more "prac- 
ticable* to strip a large section or panel 
when the aircraft is in scheduled mainten- 
ance. Corrosion removal, s^urface treatment, 
and painting could be accomplished at. that 
time. 



After retouched 
co^or contrasts for 



areas become dry, 
the *same color? in 
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/&Dt» HOT PA1RT Ni»N-METAI I H' A L t A'"- OF ANY ANTI*N HAS , ANTENNA MASTS OH 
- ANTENNA tV.EHS 

^HAI.OMf tO UK PAINTED' IAW U.»« ATNP-68B ONLY Will N NECESSARY BECAUSE 
OK PETEB 10 MATED CONDITION 

AHII&H INTEHi.lH ANIi KXIHUOH UK AFT NACELLE KAIHlNG AND EX|IAUGT TRAIL 
"nEGINNIBG fl. IM. A FT o> THE LEADING EDGE OF Til K F.IRST MM. I. ED I'ANKI. 
WITH TWO COATS D|.A»:K, t:.Nn. I/O ltt. HlUC-flllfl tllEVh PAlNTOYALI. 
ENGINES. " r 
k . CONTROL SURFACES TO HE PAiNTHi IAW ATN '..♦-MJR. 

S . FLAP WELLS. A I LEX OH WH LS , AND ASSOCIATED PAHTG TO IE PA'NTED , 

WHITE POLYUHETRANE. * 
It. ELEVATOR WELLS, RUDDER WELL AND ASSOCIATED PANTS TO NE FAINTED 

WHITE FOLt UK ETHANE. 
?. INTERIOR OF^WING SAYS: HII.I1H i;ANELS TO EE FAINTED WITH TWO I DATS 
A MIL-C-27725(HEV ) AND ONE CiiAT WHITE NI L-C-Ol f Ml MEV) . 
^VaPPLY UNITE POLY II H ETHAN K 10 A 1,1. EDGES SO THAT »/:»-3MILS THICKNEi'S 
OF TOFCOAT IS APPLIED UY IW.i t'OAT AFFLICATIOH. NOTE THAT THIS 
THICKNESS IS GREATEK THAN f HAT SHOWN* IN REFERENCE i •) i ENCLOSURE 
( I ) , PARAGRAPH 5.c. Full A I Ih'HAET SKIN SURFACES. 
* »).ALL NOSE AND MAIN LANDING UFA II WELLS AND ASSOCIATED PANTS TO NF. 
PAINTED WHITE POI.YUHETHANP . 
10. DO NOT PAINT STAINLESS H'l EEL AHEAS SUCH AS NACELLE ENGINE A I H 
INLET SCOOI'S, OIL COOLER INLET SCOOPS OIL I'fhH.KIf OUTLET JHIf'TS , 

j. gas tuhhinfnIohi'HKSS.oii exhaust. * 

/KcENTKH WING WAT*WAY <«W . .i . .Vol. TO W.3.£?UR) I'll I ME" 1AW A'l'N .i-bHh 

A*""* OVERCOAT WITH THREE COATS HII.-V-$ON*, TYPE I WALKWAY COATING. 
MID OUTER WING WALKWAY (W.;\ L'.H) TO W.S. IU. BOTH WINGS) 
FHIHK IN ACCORDANCE WITH ATN NO. 2-60B. OVKIU'MAT WITH 

A THREE COATS Ml |.-W-*,Ol> Ii , TYPE I WALKWAY COATING. 
OUTER WING. FUSELAGE. AN i' HORIZONTAL STAfllM/FR WALKWAY (MATING 
FN I HE IN ACCORDANCE WITH ATN <»-60B. OWERt'OAT WITH THREE COATS 

AH11.-W-50U,. type 1 walkway coating, use polohs indicated. 
MASK END OF FUEL DUMP M AST 1)1111 1 NG AFFLICATIOH OF PAINT TO 
A AVOID ACCUMULATION Of PA I NT ON SCREEN . 
/ADO NOT FAINT PROPELLER DOMES. SEE DETAIL "ll" FOR, PROP. 
^Bl.ADE TIPS, FAINT I AW AT" .'-GHB, * Ml L-IS^W Ml AH ) 
10. ALL KMCRCENCY OPEN 1 NG llAfll'LES TO NE PAINTEM YELLOW, tOTH 

A EXTERIOR AND INTERIOR. 
THE RED AND BLUE STRIPES SHnlll.D GIVE SHE OVERALL APPEARANCE 
OF STR A IGHT S T R LP-ES- A T - A N ANGLE OF 35 TO THE VF.HTICAL WREN 
VIEWED FROM THE SIDE. *to "O" EFFECT CAUSED BY MAINTAINING 

A STRAIGHT LINKS ON A CURVE SIM1FACC 18 ALLOWED. 
FWD EDGK OF RED A It E A MCATKU ft* FWD OF THE INTERSECTION 
/y OF SEAM AND STA.?».S jj ANGLE TO IE TAKEN AT Til I fl SEAM 
X\ 1 " YELLOW BORDER ABOUND HUME OF ALL EMERGENCY EXITS 

A (EXTERIOR) SEE NOTE' W. 
REMOVE OLD FABRIC ANII HEM ACE WITH EEW-EARHIl' PATCH PAINTEM 
YELLOW. 

J 1 . FABRIC* PATCHES "SHA LL HI- INSTALLED OVER ALL LIGHTING ROLLS 
OF CONTROL SURFACES. FLAP WFI.I.S WHEEL WELLS AND DOORS, 
AND PAINTED TO MATCH SURROUNDING AREA. 
. ALL PAINT AND OTHER COATING SHALL BE IN ACCORDANCE WITH ATH ?-(.UH 
yv OR REVISIONS THEREOF, EXCEPT AS NOTED HERE. 
A\ DO NOT PAINT STATIC DISCHARGE WICKS 
>?JA DELETED * 

>P3\ICE DETECTION MAHE1NG. A ' - " I) I A . BLACK CIIOTI.K, S YMETR I CA I. 
^"aBO'JT THE LEADING EDGE II11IM V'iRTAI. CENTER LINK. ROTH WINGS. 




l M SlOl VH* 
(«* MALI 




2t. THE ENTIRE PAINTED SURFACE OF THE ACFT 
SHALL HAVE ONE GOAT OF EPOXY PRIMER 
IAW ATM 2-NBB. EXCEPT TOE WING WALK- 
HAY SURFACES WHICH SHALL HAVE 
TWO COATS EPOXY PRIMER. 

2;. EXCEPT FOR UHPAIHTEO AREAS, WALKWAY 
AREAS AND SEHAUST TRAIL AREAS, THE 
WHITE FAINT SYSTEM SHALL EE APPLIED 
FIRST SO OTHER PAINT WILL BE APPLIED 
OVER IT. 

2E. WHEN THE SKIN SURFACE ADJACENT TO 
THE STATIC HOLES IS PAINTED, THE 
PE1MEE ONLY SHALL EXTEND TO THE 
RING OF THE HOLES. FIHXSH COATS 
SHALL HOT EE APPLIED WITHIN A 
RADIUS OP (.7)(.B) OP THE HOLES . THE 
EDGE OF THE FIMISH COAT SHALL BE 
CAREFULLY SMOOTHED AND BLENDED 
INTO THE PRIMES.^ 
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^rlTKTTEHS^iD^iUMERALa UV HI L« 1- lH(M REV ) UHLUH OTHBRWIHB 

3 StTrCILE^COLORS ARE BLACB PI 10.11030 OB WHITE PI 10,17875 
PoLYURETHARE EHAHEL UHLK3B OTIBIUIKE SPECIFIED. 
3.HUHRERS II OH A IE ALIO SMOHD Oil DIAVIIO M . mm * 
W.3TKHC1X LBTTElIRG HEIGHT AID COtOI All 8B0HB If (BT.CDLDR) 
~ "CAUTIOH PAIHT I AH (»/?" ILACl} 10. PtACll POIT HIDE, Of , 

LATEST ACPT TO" HUDDEH OH LI « 

^ "USCG" (*0" ) ALACK PARALLEL TO AHD LOCATED APT OP HOT LBADIHQ 

EDGE SEAN 01 BOTToH OP UlHO AID APT OP I BAN Dl' TOP OP WIHO 
HA F I ORAL I HI I CHI A, STAR 50" DIA. I AM HI L- 1 -<lM>< IB» | LOCATED 
II LIRE HITH THE "USCC" f ' ... ■ 

©"OIL HIL-L*2l699"(l/2-H*CE> LOCATED 01 OIL TAlE FILLER ACCESS 

DOOR, hPLACEB. , . w 

9. ALL STATIC GIOUID POUTS PEE T.O. I C- 1 3O-0UAT . 0.'l-l-% 
" ? -K3 7 - n ED STUPE HEGIRHlHO AT PHD CORIlH DP IOIB WHEEL WLL 

kUV EXTEHDIHG OUTHAID AT #D AIOLE 
TV 2" RED IAHD v VERTICALLT BlCllCLllO IlOIlt Oil 32 APT DP PMD 
EDGE Of COMLIHO AHD THE HBCDHD 30" APT OP WlHG LBADlHG BDOB 
"WARRIRC STAID CLEAR (j/* - III) Dl HlOAlP AID OOTIOAID HTAHTB| 

8 TUB hi HE FLARE* I IDES OP BACH BHOIHB 
?" RED VERTICALLI HAffD 2k"PWD DP HAlHLAHDlHO OBAH DODl.POH* HIDE 
."KEEP BLEAR <2 M RED) LOCATE APT DP RED HAHD., TUIIllB BBlAUHT 
PORT SIDE OILY 

RED IUEL CAPS " FUELU /2"WH ITB ) 01 PUEL CAP!, < PLACE! 
3a .IF-5" HlRG, 1 PLACE EACH BltEHHAL TAHB. 

8. "FUEL (1/2"ILACK) 0| BlHOLB POlHT REPUBLlHO AOCBlH COVBH, JP-J 
"HC-130X(W" BLACK) AIRCRAFT TTPB WITH UHCO HUHHBH CBHTBHBD 
3" RELOW. LOCATED wTtH TIE APT LETTER AT ETA. # lOOD AID 2 m . 
BELOW THE HORIZOHTAL STAiILIXBR. 

M FULL-CAUT10H(1" TBLLOW ) HLACB HACKOHOUID. 01 OVERHEAD 
STAND CLEAR MM EH OPEHtHG" ADJACBHT TO BABDLBI IB HIDE) 

e."!lO STEp"(l" ILACKl 01 TIE ESCAPE HATCHBH 
."PULL KARDLEU" TELLOW) HLACB BACKOROUHD OH OVERHEAD TD 
JETTISOH CHEW DOOR" ADJACBHT TO HAHDLB ( IB HIDE) 
"ICE OBSERVER ( l/2 M HLACB) OH COHHECTlDH HDB COVBH RADAH 
RELAY A ICR COHHECTIOH HOB (HHIOB) 
, "EMEAGEHCf EBIT (l/2" TBLLOH) HLACB BACBDHDUHD LOCATED 
OH UPPER HALF OP ESCAPE HATCH (iHHlDB) . DROUHD A DITCHlHQ 
USE OHLI" 

"CAUTIOI (I" YELLOW) HLACB HACBOROUHD F,H.3fD HTAHD CLEAH 
WHia OPEHiac" ADJ ACEHT" TO YBLLOW HAHDLB (IIIIDB) 
2I..3" RED VERTICAL STRIFE FHDH DBCB TO *6" HEIGHT f AT 
STARBOARD F,S. "*0I AHD UO. (IHHIDE) 
' "f <2 M WHITE) •* PLACES} THICB II BACH HTRIFB 
R 



of: 

©: 
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?5. "BEWARE (2RED ) WHITE BACEOROUID. *" PLACE! ( IHHlDB ) PROPELLER* 
AT 1*0" AHD 96" HEIGHTS OF P.I. 390. V20 AID V?0. 



TlllQ ^RD SIDE ONLY 



26 I" YELLOW HAHOTI.ISI DE ) OH SOUHDFROOFIHO AROUHD DUTEH HDOBH DP 

ALL tMERGEHCY ESCAPE 0PEHI3OS. 
27.3" FED VERTICAL STRIPE FRON DBCB TO 96" HBIDHT AT POET 

F'JS-UII STATIONS 2t5 AHD 331 (HSIDl) 

"r (2" WHITE) PLACES ; THICK IK EACH HTRIFB 



t 



2E."HEMAHE ii" RED) HH1TE HACKGROUHD 3 PLACED AT AMD 96" 

HEIGHTS Of F.S. i55 ABO QHCE AT 72" HEIGHT AF F.S. 3^7 
FEOFELLER ^ 1KL toW CUT OUT MARE I ECS VERTICAL LOCATIOH 

TO HE UITHIH 76-Ujr HEIGHT AHOVE DICK AHD 
It HORIZONTAL LTScATlORS TO RE HITRIH FUS. STA. 
6JO-652 ARD 660-6)2 PORT AHD STRD SIDES 
( 1 IS IDE ARD OUTSIDE) 
6^. "CUT HERE FOR (I" YELLOU) RLACK HACKGROUHD IH CENTER OF CUT 

OUT MARKIHGS(H0TE)(lH3IDE 6 OUTSIDE) 
3i.IRSIDE FUS. STA. HUNRERSU/2" RLACE) ARE STENCILED EVERY 

AT ARD 70" HEIGHTS REGIRR IRQ HlTH F.S. 250 AHD THRU F.b. 

HkO. HPTR SIDES 



10" 



12 CARGO*" LOADING CONFARTNERTS ARE IRDICATED HITH i" RLACE L^TTEHS 
;*RD1" RLACE F.S. RUNERAL8 ARD LOCATED 96" ARQVE THE DECK ROT* 



0 



HATIOHAL^HSIGHIA. RTAR >0" DIA lk'4 ML-I-6H.0<HE*> CEHTEHED 

il hriti Aria of vertical stariluer roth sides. » 

USCG mi LIN kU'DIA DEC* I. (ARSC 7690-051-3105) H0R1 ZOHTALLY 

CEHTBHED ir red area, rotr sider or strd side cu? OUT 1 

CIRCLE TO RHOH 01 Y GEN RLOH OUT DIRC 
REE DETAIL "A* FOR PROPELLER HARRlRG HARD., 

USCG AIRCRAFT RUNRER 05" RLACE > URIVERS 7 3 TYPE NUMERALS 
I AH USCG ARSC DHQ. 550-5-1 ROTE SIDES . 

STATIOR RAKE OF URIT TO RECEIVE AIRCRAFT («." NLAOK ) LOCATED 
h" RELOH ARD CERTERED URDER THE URCC AIRCRAFT RUHtiEH 
ROTI RIDES 1 
fik -COAST QUARD"(20- HLACK )' URI VERS 73 TYPE LETTER J iAU USCG 
™ARRC DUG 550-5-1. PARALLEL TO ARD •" AROVE THE TOP Of THE 
AFT TROOP DOOR UITH THE FORHARD MOST LETTER AT STATION 6»7 
433 ROTH SIDES. 

~, -FOR QROURD ARD U" IELLOH) RLACK RACKGROURD. ADJACEHT TO 
*DITCHUC USE OHLl" ESCAPE HATCHES <IRSU>E) 

.•HAHHIRC STARD CLEAR (I" RED ) FORHARD OF RED NAN I) GTC TURR1 HE 

8UHEEL" PORT SIDE ORLI. 
"UARRIRG" (1. RED ) OR SPOILER DOOR. ROTH SIDES 
WANNING* "UITI CRSU NENHERS AROARD THIS DOOR HILL RE 0 PER ED 
_ /HON IRSIDE ORLI. 
Q. DELETED 

8 ! 

X RACEGROUHD. 
Q." LI PER AFT RELEASE" (l" 



0 



©•: 



I DELETED 

£ "IMENGERC Y RADIO ARD U" YELLOW ) LIFE RAFT RELEASE" RLACK 
YELLOW) RLACE RACEGROUHD . 
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Figure 4. - Typical tainting and Marking Details drawing 
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masked off areas may be quite noticeable; 
therefore if practicable, painting full pan- 
els is desired. Adjacent areas should be 
masked off to eliminate overspray. 

When painting aircraft or applying 
touch-up paint, operating units must comply 
with Coast Guard Technical Order 42A-1-2 
or supersedure. * # * 

Derating ipits must apply the Coast 
Guard color scheme and markings i*i accor- 
dance with the aircraft model "Painting 
and Marking Details" drawings, AR£?SC main- 
tains current drawings for all Coast Guard 
aircraft models. Applicable copies are fur- 
nished to operating units initially, upon 
revision of a drawing, and upon request. 
Figure 4 illustrates a typical AF&SC draw- 
ing for the C-130 aircraft. A list of 
AR&SC drawing numbers for all Coast Guard 
aircraft models is given, in table 4. • 



To break the gloss of existing fin- 
ishes and to feather (smooth out) the edges 
for overlap, scuff sand, using 150-grit 
sandpaper. After sanding, use a water rinse 
to remove the "abrasive residues. Next,^ 
wipe jail sanded • areas and exposed bare" ' 
metal surfaces with a 1 to 1 mixture of 
xylene and acetone.. 

Treat bare metal with cleaner-bright- 
. ener (MIL-C-5410) and allow it to set for 
5 to IS minutes maximum. Then follow it with 
a water rinse. Apply MTL-C-5541 chemical 
conversion coating immediately- following the 
cleaner-brightener, while the surfacgK^js^ 
still wet from the water rinse. J( 

c . 

Remove any lopsened seam sealants in 
the area to be touched-up and replace as 
necessary* Also, resecure any loose rubber 
seals, using the type adhesive specified 
in th^ applicable Maintenance Instructions 
Manual. 



Table 4. 



- Aircraft "Painting and Marking Details" drawings, 



AIRCRAFT MODEL 
C-131 
C-130 
VC-4A 
HU-16E 
* HH-52A 
ffl-3F 



ARfrSC DRAWING NUMBER 
900-3-1 

300-14-2 i 
200-1-1 
100-38-2 . 
475-8-2 
700-1-1 



The insignia and exterior parkings on 
Coast Guard aircraft must meet the require- 
ments given in table 5. In the eifent of 
conflict between the specifications cited 
in the table and the: Aircraft model paint 
and marking drawing, the latter will take 
precedence. Exceptions to the general paint 
systems are noted on the drawing. Suitable 
silk screen processes for the application of 
miscellaneous markings may be used wherever 
practicable • 

. SURFACE PREPARATION 
/ * * 
The effectiveness of any paint finish 
and its adherence depends on the careful 
preparation of the damaged surface before 
touch-up. The procedures used in paint and 
corrosion removal -have been described pre- 
viously. The touch-up paint should over- 
lap onto the existing good paint finish. 
The touch-up materials will not adhere 
properly to glossy finishes. Also, any ed- 
ges of the existing film will show through 
the overlap unless they are smoothed out. 



The area to be painted is then out- 
lined with tape and masking paper. This 
protects' the adjoining surfaces from over- * 
spray and unwanted paint buildup. 

TOUCH-UP. PROCEDURES 

In the past, it was necessary to iden- 
tify the sp ecif ic surface finish (paint 
system) applied to an aircraft at the time 
of manufacturer or rework. Each surface 
finish (nitrocellulose lacquer, afirylic lac- 
quer, and epoxy) required a specific touch 
up procedure that was compatible with the 
present finish. Failure to properly identify 
the present surface finislfr and apply the 
specific touch-in procedures usually re- 
sulted in wasted manhours and material. 

To prevent** this problem and more ef- 
fectively control, corrosion," the Coast 
Guard uses a standardized paint system for 
all maintenance level painting and paint 
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touch-up. This system consists of an improved 
epoxy primer/ specification MIL-P-23377B, 
and a polyur ethane coating, specification 
MIL-C-81773(AS) or MIL-^-83286 (USAF) . 

IPOXY-POLXAMIDE PRIMER (MIL-P-23377B) 

The epoxy-polyamide primer is supplied 
as a, two-part kit; each part must be 
stirred or shaken thoroughly before mixing. 
One part contaihs the pigment, ground in 
an epoxy vehicle, and the other part is 
composed of a clear polyamide solution 
which functions as hardener for the >epoxy 
solution. This primer is supplied by var- 
ious manufacturers • Mix only as much primer 
as needed, since the storage life of the 
primer is 'limited after mixing. CAUTION: 
Do not substitute^ part 1 or part >2 from 
another manufacturer. Established mixing ra- 
tions supplied by the manufacturer must be 
followed; otherwise, the primer wip. exhibit 
unsatisfactory properties, such as poor ad- 
hesion, poor chemical resistance, or inade- 
quately dried film. 

For mixing, pour the specified amount 
of part 1 into in empty container; then 
slowly pour part 2 into the * container, 
stirring * constantly. CAUTION: Always add 
part 2 to part 1. 



To thin* the primer for spraying, add 

1 1/2 parts thinner, Specification MIIr-T- 
19588, to 2 parts primer. The thinned pri- 
mer should be stirred thoroughly, strained/ 
and allowed to stand 1 hour before use. 
If ""necessary, the thinning ratio may be 
varied slightly to obtain the proper spray- 
ing viscosity. T&e 1-hour standing time 
is necessary to permit the components to 
enter into chemical reaction, shorten 
ing time, reduce cratering, preclude pat 

2 from " sweating' out 11 ' or migrating, "an& 
allow any bubbles' (formed while stirring) 4 
to escape. . r ~ 

To .apply the primer, ensure that the* 
surface to be primed has been cleaned , 
chemically treated, and prepared fo* spray- 
ing as previously described in this sec- 
tion. Apply a. wet coat of epoxy primer 
to 1 mil thickness and:*allow to dry from 
1 to 2 hours. One hour is sufficient when 
temperature and humidity range is ideal. 

POLYURETHANE COATING 

Since the original polyurethane coat- 
ing specifications were issued some years 
ago and this paint coating was accepted 
for Coast Guard-wide use, it has proven 

■ i 



Table 5. - Aircraft Insignia and 

MARKING 

National Insignia 
^6oa5trl5uarSEmblem 
"Coast Guard 11 on side fuselage 
"USOG" on airplane wing and 
helo underside 
Station name 

Aircraft model designation 

Large aircraft serial number 
Fuselage prop warning stripe 
*Jet intake warning chevron 
Fuel fill caps (align marker) 
Fuel service points 
Oil service points 
Walkways and steps 
Instrument static openings 
Helo tail rotor warning 
Mailt rotor blade tips 
Helo tail rotor blades 
Propeller tips 
Turbine wheel plane warning 
Emergency exit release 
Escape hatches 
Safety markings 



External Marking Requirements. 

IN ACCORDANCE WITH ' 

MIL-I-6140 and aircraft drawing 
Aircraft Drawing 

Univers 73 letters & aircraft drawing 

MIL-I-184J54 letters & aircraft dwg. 
MIL-I-48464 letters & aircraft dwg. 
MIl-I-18464 letters & numerals and 

aircraft drawing 
Univers 73 numerals & aircraft dwg. 
Aircraft drawing 
MIIr-M-25047 & aircraft drawing 
MIL-41-25047 & aircraft drawing 
Aircraft drawing 
Aircraft drawing - 1 

MIL-M-25047 and aircraft drawing 
Aircraft drawing 
Aircraft drawing 
MIL-M-25047 
MIWi-25047 
Aircraft drawing 
Aircraft drawing 
Aircraft drawing 
Aircraft drawing 
Aircraft drawing 
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to be a higtily reliable and durable system 
for the protection and appearance of our 
aircraft. It has also proven, however, to • 
be * such a health -hazard to those personnel 
who must apply the paint and work in areas 
where the paint is being used that .some 
other > acceptable paint system less detri- 
mental* to tbe . health of personnel must be 
found. For this reason, the polyurethane 
coating is beiog phased out in the Coast 
Guard today/ and- several other types of 
paint systems are being experimented with 
on aircraft coming .out of t overhaul. The 
polyurethane coating is still to be used 
for paint touch-up, however, as long as 
the touch-up kLtfi remain available. This 
touch-up system - is also considerrf^jaw-^ 
patible with the newer experimental paint 

systems. , 

During this interim period, the AM 
must know and understand the correct ap- 
plication procedures for the polyurethane 
paint system', as well as the accompanying 
health hazards and the precautions to, be 
taken during the application of this sys- 
tem. ' ; 

Polyurethane Application Procedures 

Proper application of the polyurethane 
coating is of prime importance. When the 
polyurethane coating Has Jjeen properly ap- 
plied, relatively little*^ touch-up will be 
required at a" later date. Proper applica- 
tion requires the following considerations: 

1. ' . Adequate, lighting. 

2. Adequate dust control. 

3. Proper amount of paidt. (Do not 
apply cfri exfcessive amount.) 

v 4. Proper air pressure. (For the con- 
' ventional hand pot spray gun, the 
air pressure should be 60-65 psi, 
dependent on the temperature.) 
5. Proper paint thinning. 

r 

Proper thinning of the paint is very 
ijnportant. If the paint is not properly 
thinned, eventual chipping will occur, es- 
1 pecially around fastener holes. ' s 



If no thinner is mixed with the 
paint, its application wili not be smooth 
and will have an orange-peel effect that 
will npt smooth out if a lai^ge amount /of 
paint is applied. This practice is costly 
and time-consuming and not. provide 



When t hinn er is added, the application 
of polyurethane paint is much like that 
of other paints. When -the paint is applied 
to the surface, the paint will quifckly 
smooth out 4 and have a higfr-gloss finish. 
In addition, a more even coat of , paint can 
be applied. w > 

In all instances, measure the visco- 
sity of the material to insure that the 
viscosity is correct for the method of ap-r 
plication being used. When thinning is re- 
quired, use only the reccMnmended compatible 
thinning agents, ~"~ 





the desired paint finish. 



Figure 5. - Zahn cup. 
Viscosity Measurements 

Viscosity is measured by varibus meth- 
ods -and instruments _ and is expressed in 
various* units of measurement. The methods 
most frequently cited in, the coating in- 
dustry use either the Ford or the Zahn vis- 
cometer . cups. In both methods, viscosity 
is expressed in seconds through the cup. 
The seconds indicate the length of time 
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it takes at a given temperature for a known 
quantity of the coating material to flow 
through a certain size orifice in the cup. 
For example, at 77* F., viscosities of 16 
to 22 seconds through a No. 4 Ford cup or 
19 to 27 seconds, through a No. 2 Zahn cup 

• are generally right for spraying ^enamels. 

* Lacquers require about 4 seconds less in 
either cup. For comparison, the viscosity m 
of water and some thinners is 10 seconds 
through a No. 4 Ford cup. ' 



The Zahn cup is usually considered 
the standard and most appropriate for field 
use J The Zahn cup is designed to measure 
the viscosity of fluids directly from their 
containers. It consists of a 44-mil cup 
with a hold (orifice) and a wire handle, 
as shown in figure 5'. The clip is filled • 
by immersion in the f^uid, and the flow 
is timed from withdrawl to first interrup- 
tion in the flow. 

Five graduated orifice sizes, or cup 
numbers, 'are available. The No. 2 cup is 
mostr suitable for equipment painting. For 
mixing primers, the correct siphon spray 
gun viscosities measured in seconds for 
the No. 2 Zahn cup are listed as follows: 

- Wish primer MiL-C-S514 24 to 3 1 seconds 

Zinc chromaie MiL-C-858S 9 to 14 seconds 

Modified zinc chromaie Mil-P-7962 15 to 22 seconds 

\ i 

The above is not a complete listing' 
of viscosity measurements* When preparing 
any coating system, always refer to CGTO 
42A-1-2, Aircraft! Painting and Marking De- 
tails, for the correct viscosity measure- 
ment of a specific coating. 

. Thin polyurethane with MIL-T-81772 
thinner to achieve 15 to 18 seconds with a 
No. 2 Zahn cup. Allow the paint to stand' 1/2 
hour before spraying. 

Polyurethane overspray is greater than 
that for other paints; therefore, extra 
masking and papering are usually required. 
Masking tape should be of the pressure-sen- 
sitive type to prevent paint from running 
under the tape. ^ 

After allowing a drying time of 1 hour 
for the primer, spray a wet coat' of poly- 
urethane paint .about 0.8 mil thick; then 
spray another wet coat of the same thick- 
ness. For touch-up or overpainting, apply 



one even light topcoat of paint and allow 
it to dry for 15 to 45 minutes; then apply 
' a final full topcoat. 

The coating will be ready for taping 
insignia colors in 4 to 6 hours. 

You should remove masking tape from 1 
painted v surfaces before the paint i& com- 
pletely dry. If the paint becomes dry with 
the masking tape in place, the paint will 
have a sharp edge and will leave a place 
for peeling to start. If you remove the 
masking ■ tape before allowing the paint to 
dry, the edge will role or flatten, making 
•a. smooth, even surfaces 4 , 



painting small , 
and remove the 



If runs occur while 
areas, stop the painting 
paint with rags and thinner. Then rpsume 
painting' with the finish coat. Small** areas 
may also be retouched by use n of a small, 
long-bristled camel hair brush. 

If runs occur while painting large 
areas, continue painting until you are. fin- 
ished and "allow the area to dry. .Then re- 
with #320 wet or dry sandpaper, 
down to a finer grit sandpaper 
sanding scratches. If any bare 
exposed, you should treat it? as 
described. Then you should mask, 



move runs 
and work 
to remove 
metal is 
previously 
paper, and paint the complete panel. 



Polyurethane thinner should' not be used 
for cleaning.^ Instead, use methyl ethyl 
ketone (MEK) TT-M-261 . 

Polyurethane paint should be allowed 
to air dry a minimum of 48 hours before 
you subject it to service use. v 



When you are working on fiberglass 
surfaces, follow approved Coast. Guard pro- 
cedures. Although fiberglass surfaces may 
be reconditioned, NEVER use a paint strip- 
per to remove the existing paint finish. 
Strippers presently available for removing 
the paint 'will attack the fiberglass resins 
and weaken the structure. The approved 
Coast Guard method for touch-up of fiber- 
glass surfaces is to use lacquer thinner 
to thoroughly clean the area to be re- 
painted and sand .lightly vdth 320-400 wet 
or dry sandpaper. After sanding, reclean 
the area with lacquer thinner and apply 
a polyurethane topcoat. 
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Decals on Polyurethane Coatings ^ 

Decals may be used for the application/, 
of the national insignia, the Coast Guard 
emblem, and other markings on the aircraft. 
When decals are used, they must be approved 
and -conform to .specification MIL-D-8634 
(MIL-D-38477 for C-130) . Decals must be 
applied in accordance with MII>D-23890..To 
increase the 'retention capability of defials * 
on thte smooth surface of cured polyur ethane 
coatings, lightly sand or roughen the area 
to which the decal is to be applied and then 
seal the edges with Scotchcal Edge Sealer 
No. 39^0. 

EPOXY FINISH ON RADOMES 

Two epoxy systems are approved as the 
paint finish for radomes. They are the CAT- 
A-LAC and the BROLITE systems. Th^jCAT-A- 
LAC system is procurable 4 from the Finch 
Paint and Chemical Company, Torrance, Cal- 
ifornia, |*nd the BROLTTE system from Andrew 
Brown Coipany, Laurel, Maryland. Neither 
system may be applied over toy other type 
of paint. 

APPLICATION OF THE CAT-A-LAC SYSTEM 

The CAT-A-LAC system is applied in 
the following -manner. Prepare the surface 
by removing the old paint. If the old paint 
is GACO N-79 neoprene, the best way to re- 
move it is by applying a doth wet with 
toluene or, methyl ethyl ketone (MEK) to 
the painted surface. A* the paint seftens, 
wipe or scrape off with a plastic or phen- 
olic scraper. Fill the pinholes, scratches, 
** and surface pores of the^radome with filler 
putty, No. 467-2, and apply a full, wet 
coat *of primer, No..y454-l-i. Allow the pri- 
mer * to dry for 24 hours and sand lightly 
before spraying with a full covering top- 
coat, Nov 443 r l-17. Allow the topcoat to 
dry for 24 hours befoe handling. The total 
film thickness should be approximately 3 
mils. 

If the existing paint is CAT-A-LAC, 
you may ref;Lnish it by wet or dry sanding 
the topcoat of paint down, to or almost to 
the primer coat. Then, after wiping down 
with toluene or MEK, apply a topcoat only. 
Allow the topcoat to dry for 24 hours. 

Aged CAT-A-LAC surfaces may be touched 
up by sanding and wiping down the area to 
be painted, applying the topcoat, and al- 
lowing to dry for 24 hours. 



APPLICATION OF THE BROLTTE SYSTEM 



In 'contrast/ to .the CAT-A-LAC system, 
the BROLTTE system is applied in this man- 
ner. If the existing finish is GACO N-79 
neoprene,* the old paint should be removed 
in the same manner as that given for the 
CAT-A-LAC system. After removing the old 
paint, fill pits and scratches with Sky 
Spar .Epoxy Filler, No. 954. Sand the filler 
smooth and allow to dry overnight at room 
temperature. Apply a full, wet coat of pri- 
mer, No. P-953, . and allow to cure over- 
night. Before applying the finish coat, 
So. 423,. sand lightly to a total thickness 
of approximately 2 ndls. 

' •* .' ' 

NOTE: < The finish coat may be ap- 
plied, over the primer within -3 or 4 
hours by emitting the landing; how- 
ever, the finish will not be as smopth 
• as when the primer has been sanded. 

The finish coat may appear dry in a 
few hours; however, full curing may require 
as much as 7 -days, depending upon. the am- 
bient temperature. Do not. subject the 
finisl} to chemicals or cleaners during the 
cure period.' 



If 
topcoat 



the 
must 



old finish is BROLTTE and the 
be completely > removed, the 
best way to remove it is with toluene. Af- 
ter removing the topcoat, lightly sand the 
primer coat and wipe with MEK before ap- 
plying the new topcoat. 

If the old BROLTTE topcoat does not 
need to be completely removed, you may- re- 
finish it by wet or dry sanding the old 
topcoat down to, or almost to, the prime 
coat. After wiping with MEK, 'apply the new 
topcoat • 

Aged BROLTTE surfaces may be touched 
up by san ding and wiping down the area to 
be painted, applying the topcoat,* and al- 
lowing to dry for 24 hours. 

r 

NOTE: There are" numerous stripping 
compounds that • will remove paint from 
radomes. However, any stripping com- 
pound strong enough to remove CAT-A- 
LAC or BROLTTE may damage the fiber- 
glass radome. 
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' RAIN-EROSION-RESISTANT 'COATINGS 



Repairs to "Corogard" coatings* can be 
made without exposing the bare metal, if 1 
nicks, rips, and thin spots do not extend 
through the original coatings. Enough mater- 
ial is cut away; from the imperfection to 
produce a scarf approximately four* times the 
thickness of f the coating,. The scarf is 
panded to produce a rough finish end wiped 
^"ean # with acrylic lacquer thinner. The 
cavity is'then ^filled with aluminized »£oro- 
gard" applied., in successive., thin layers. 0 After 
complete drying, sand as necessary to re- 
store contour. *> • 

Repairs a to neoprene coatings are ijQ- ' ' 
practicable in the field due to their. slow 
cure. If x ..the coating should fail and cor? 
rosive .attacks develop, the damaged coating 
should, be~ cut . away jflntil good adherence 
is reestablished' at -qil e^ges. Treat the 
corrosion in accordance with established 
procedures and * repaint the exposed sux^ 
faces with an epoay topcoat. ^ 

PAINT APPLICATION EQUIPMENT 

* 

Organic coatings are applied using 
either handler power equipment. Selection of 
the proper application method- depends oji the 
size and accessibility of the area to be 

coated. < • ^ 

ft " • 

TYPES" OF EQUIPMENT > ' 
Sprajf Cans^ • 

Some coating materials are ^packaged 
in self-contained spray cans or aerosols. 
They- are-* primarily a convenience* package 
and are not to be used as a substitute for 
.conventiijtel spray methods. Spray cans are 
authorized for emergency touch-up painting 
where the .area is less than l/2 square" foot 
or* for spraying' areas that 'are not acces- 
sible to conventional sgray equipment. 

When using aerosol spray paints, shake 
the can t& thoroughly, mix the paint and 
propellant. rfblS the can approximately 12 
inches away from the surface while spray- 
ing. This will prevent the propellant from 
becoming trapped within the paint film. 
Shake the can repeatedly throughout the^; . 
spraying process* To clean the spray ori- 
fice after painting and keep the spray but- 
ton from clogging between spraying opera- 
tions, turn the can upside down and depress 
the spray button 'untiJL v only propellant 
comes out. 




INTERNAL MIX 



EXTERNAL MIX 



% V, iilgui^e 6. - Spray gun c^ps. 

Conventional Spray Equipment 

*The conventional spray gun may be of 
the suction-feed o^- pressure-feed type. A 
suction-feed \ spray gun is one in which 
pressurized air passes over the tip .of the 
fluid ,tube t sucks fluid from it, and «prays 
the fluid into the airstream. A suction-feed 
♦ sfipray gun can be identified by the presence 
of an air vent hole in the paint cup cover . . 
The suction-feed spray gm is ideal for 
spraying lacquer, varnish, and other light^ 
materials. It is not good, however, fdr 
spraying heavy coatings, since it w^cL not 
pullythe heavy material^up to^ the nozzle.* t 

"*A pressure-feed spjpay gun is made with 
# an* airtight containprT Pressurized air.di-*, 
rected into the container places the fluid 
under ' pressure, forces ■ it up the fluid 
tube, §nd sprays it •'It is considered one of 
the best general-purpose spray guns because, 
it. can spray heavy materials when supplied 
with a low volume of iair. 



the 



pressure-feed 
and 



T he mechani sms of 
and suction-feed gups are the same, 
both types can mix the fluid and air both 
internally and externally. Since no siphon- 
ing effect is necessary for ptessurfc-f eed 
application, it is the tool to use for vol- 
ume spraying. 



Internal-mixing spray guns mix the 
paint and air inside the spray cap, as 
shown on, the left of figure 6. The tinter- 
nal-mixing cap requires less air pressure 
than the external-mixing .cap and is popular 
on small units. The main fault of the in- 
ternal-mixing feature is that fast-drying 
materials atomized ^inside the cap tend to 
collect inside and around the outlet. Pres- 
sure-feed spray guns are usually of the 
internal-mixing type. The external-mixing 
spray gun mixes the paint and air outside 
of the gun spray cap, as shown on the right 
side of figure 6. 

Spr§f\ guns are classed as bleeder and 
nonbleeder -types. A bleeder spray gun is 
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constricted . in such 1 a way that air passes 
through it, at all. times • This ^feature pre- 
vents excessive pressure buildup in the 
compressor. If a spray gun is to be con- 
nected directly to a small (low-pressure) 
compressdr, the gun # should be of the 
bleeder^ type. The non-bleeder spray guny 
as the name implies, does not pass any air 
uiftil" the trigger is pulled. This type of 
gun is normally used when controlled air 
pressure is suppli-ed. 



body 



NOZZLE 



SPRAY WIDTH 
ADJUSTMENT 




CUP 



Figure 7 . - Spray gun and cup . 

Spray guns can be further classed as 
the attached container type and the separ- 
ate container type. An attached container 
spray gun is usually referred to as a cup 
type, since the paint is held in a cup at- 
tached to the bottom of the gun. This gun 
is illustrated in figure 7. A separate con- 
tainer spray gun is one which does, not have 
a paint contained or cvp attached to the 
lower portion of the gun. This gun. receives' 
paint materials trough a fluid hose from 
a separate container called a material 
pressure— feed paint tank. 

The pressure-feed paint tank, shown 
in figure 8, is a 4arge metal container 
that provides a constant flow of paint ma- 
terial at uniform pressure to the spray 
gun". The spray gun is connected to the tank 
with ^'two hoses, one for the air and the 
other for paint material. The capacities 
of such tanks range from 2 to 60 gallons- 
Basically, the tanks consist of a container 
with a damp cove*, an air-pressure regu- 
lator, and connections for 'fluid and air. 



into - the paint tank. This air pressure 
causes the material to -flow out of the tank „ 
through a fluid hose to the spray gun. When 
the paint . reaches the head of the gun, it 
comes in contact with the airstream, which 
atomizes 0 and sprays the paint. 

^ * If you use good clean equipment and 
material that is thinned for spraying, us- 
ing a spray gun should be no probltfn to 
you. In the following few paragraphs, let's 
go through a make-believe job so thsCt you 
can imagine ydurself actually using a spray A 
gun. 

Before starting to spray paint, check 
the adjustment of the spray gun. There are 
adjustments for various purposes; for ex- 
ample, some adjustments control ' the air 
pressure and flow of material and provide 
a means of changing the direction of a 
spray pattern. For a low-pressure spray 
gun, - the air pressure* should be in the low 
and mid psi range; the high-pressure gun 
should have between 80 and 100 psi. 

1 The proper air pressure is essential 
to a good spray job. Too high an atomifa- 
tion pressure , thins , out the center of a 
spray pattern. Too little air pressure 
fails to atomize the, material sufficiently, 
causing a coarse, spattered effect that 
is .unacc^p table. You can check this a4just- 
ment most satisfactorily by studying the 
spray pattern made by the gun. Suqji an ad- 
justment may be made with the air* control 
screw* located above the handgrip, as shown 
*ln figure 9. 



In 

pressor 



operation, air pressure from a corn- 
er song other air supply is forced 



GAGE 



COVER 




REGULATOR 



CLAMP 



TANK 



Figure 8. -* Pressure feed tank. ' 

The flow of materials is controlled 
by the fluid needle also located above the 
handgrip. The speed of operation' at which 
you move the gun across the surface being 
painted determines % how you adjust the flow 
of material from the gun no«zle./E^eriment 
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air.aojuste;d to control 
width of spray pattern 



1 SPRAY WIDTH ADJUSTMENT 



FLUID 

AJUSTMENJ 



AIR VALVE 



INLET AIR PASSAGE . * 



Figure 9. - Spray gun sectional view. 
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Figure 10. - Spray patterns. 
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Figure 11, - Holding spray gun correctly. 
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with various settings, of the adjustments 
at * first to find what settings give you 
the most efficient operation. Jhe adjust- 
ment should permit a comfortable, rapid, 
stroke that gives sufficient coverage with- 
out runs 01^ sags. 

You* may change » the direction of a 
spray pattern bjr rotating the spray gun 
cap or air nozzle, as shown in figure 10. 
You can produce a spray' pattern about 6 
to' 8 inches wide when you hold the gun 6 
to 10 inChes from the surface. 

Hold th4 spray gun perpendicular to 
the surface, as illustrated in figure 11. 
Tilting , the gun up or down gives an un- 
even spray pattern.. The distance of the 
spray cap or nozzle - frpm the surace de- 
pends upon the air pressure us fed and the 
consistency of the paint. Generally, the 
distance varies from 6*£o 10 inches. Hold- 
ing the spray gun at *a greater distance 
causes a dry spray and excessive spray 
dust • 

Move the spray gun with straight uni^ 
form strokes, backward and forward across 
the surface in such a way that the spray 

* pattern overlaps about 50 percent of the 
previous stroke. Use a free arm motion and 
feather-cut the end of each stroke. You 
do this by pulling the trigger before be- 
ginning the stroke and releasing it after 

. completing the stroke. Be careful not to 
arc the gun, since this causes an uneven 
deposit of paint and excessive overspray 
at the end of each stroke. Figure 12 il- 
lustrates a proper spray gun stroke as well 
as an incorrect stroke. 

Start with a dry stroke, that is, with 
the trigger released, a few inches to the 
l$ft of the panel, as shown in figure 13. 
Pull 'the trigger when the gun nozzle is 
even with the left edge of the panel. Aim 
the gun at, the top edge of the panel as 
you. continue , the stroke across it. Release 
the trigger when the gun nozzle is even 
. with ' the right edgij' of the panel. Continue 
the dry stroke a few inches before revers- 
ing for the^ second stroke. When the gun 
nozzle ' is, even with the tight edge of the 
panel, pull the tirgger, but this time^Lm 
the nozzle of the guh at the bottom o£ the 
first stroke. In this manner, about half 
of the second stroke will overlap the first 
stroke. Thi§ fcives double coverage to the 
surface and assures a full wet. coat without 
streaks. A half overlapping stroke is us- 



ually used for all work. Continue with 
right and J.eft strokes until the'p£nel is 
completed. 



Use a landing technique in order to 
reduce overspray at the right axM left aids 
of a panel. This procedure calls for single 
vertical 4 strokes at % each end of the .pans. 
Banding assures complete coverage aifd saves ^ 
the paint whiph „ is normally wasted as a" 
result of your, trying to spray right up 
to * the vertical ', edge "with horizontal 
strokes. Spray the top ^ld^bottom of the 
. panel with horizontal strokes aimed at 
the edges of the panel. ^heSe strokts auto- 
matically become banding strokes. Then fin- 
ish the panel with horizontal strokes. 

When the edges, as well as the face 
of a panel, are to be sprayed, -use a modi- 
fied binding technique. A single stroke 
along the edges paints the edges* and bands ' 
the face of the pane?. . at the same time . 
Spray outside coroners in the same manner. 
In such cases, . aim the gun at the corner 
so that the spray coats both adjoining sur- 
faces witty one stroke of .the gun* as shown 
in figure<-14. • « . ^ s 

Inside _ corners are more difficult to 
spray, since -more strokes are required.- 
When spraying , an inside corner, spray jsach 
face of the" corner separately, as shown 
in figure 15. First, make a vertical stroke 
at the corner from the top down. Then use 
horizontal strokes to spray the area next 
to th.e corner. 

Paint can dog the side ports of the 
mixing cap and restrict the passage of air 
• so that the fulj. air pressure from the 
clean side port forces the fan pattern in 
the direction of the clogged side causing 
a distorted spray pattern, as shown in fig- 
ure 16. Should this happen, dissolve the 
dried material with thinner or solvent. 
Do not Hise a metal instrument to clean the 
ports, since this may .enlarge or mutilate 
them. When the dried' 'material is located, 
around or on the outside of the center hole 
in the mixing cap, you §et a spray pattern 
like the bottom one shown in figure 16. 
A lo'ose mixing cap may also cause this pat- 
tern. SI dried material is* to "blarney clean 
the cup with ^hinner qr a cloth^ saturated 
with thinner. 

When the atomizing pressure is too 
high, it causes a split spray pattern that 
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is heavy on each end. Insufficient atom- 
ising pressure produces a pattern that is 
heavy in the middle and has an unatomiaed 
salt and pepper effect. Any condition that 
allows air to leak into the fluid passage- 
way causes the spray gun to spit. Examples 
of these conditions are: dried out packing 
around the needle valve, 'dirt between the 
fluid no«le seat and body, looSe fluid 
noxzle, and a loose swivel nut on the 
siphon cup. 

FIDi THIOO^gp>1EASURINb EQUIPMENT 

To ensure *adequat * organic coating ' 
thickness - 9 you can measure the thickness of 
the film If you have the necessary small 
measuring instruments. The two methods of 
measuring are the wet and dry methods. , 

v 

Dry Film Gage \ \ 

The dry gage, shown in figure 17, is 
manufactured in two models: one for lacquer 
and- enamel with a range of 0 to 40 mils 
and one for galvanized coatings with a 
measuring range of 0 to 2 mils. All non- 
magnetic dry coatings, including galvanized 
coatings , can be measured with the magnetic 
gage, if they are on a steel base. This 
highly accurate hand gage operates on the 
attraction power of a permanent magnet 
through a nonmagnetic coating to the steel 
base. ^ 
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T6 use the gage, first turn the dial 
to maximum,-, then rest it on the surface 
to be gagef , as shown in figure 17 . Make 
sure that the small pin in the handle is 
in the* UP position. To check the film 
thickness, slowly rotate the dial downward 
(clockwise) until the magnetic contact 
breaks. Now read the dial, which is grad- 
uated in mils. The number in line with the 
small index mark on the face of the dial 
indicates the paint thickness. 

Wet Film Gage 

The wet gage, as shown in figure 18, 
* is used to check wet coatings of paint, 
lacquer, enamel, or adhesive. Coatings to 
be checked must be on_a smroth surface. 
—These — Units comeTn two sizes, one with 
a range of 1/2 to 20 mils and the .other 
with a range of 4 to 60 roils. Here's how 
to use the gage: 



SPRAY PATTERN 



DRIED MATERIAL AROUND NOZZLE TIP 




\ 




figure 16. -^Distorted spray patterns. 




r 



Figure 17. - Pry film gage. 

■to * 

1. Rotate the proper face to posi- 
tion. Use the highest number mil face for 
heavy coating, and the lowest number mil 
, face for lightest coatings. 



TV 



2. Before" applying 
film sjarface, make sure 
tester is clean and dry. 



the 
the 



gage to the 
face of the 



3 . Place the gage face square on 
the wet film. Then withdraw the gage with- 
out allowing it to move on the wet surface. 
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4. Look at the highest step coated 
by the wet film. If all four steps on the 
face are coated, then you must turn to the 
"next higher gage face and repeat the test. 
The trap wet film thickness lies between 
the highest step coated and the next higher 
step. 

5. Always wipe the gage face clean $ 
immediately after use. Clean the gage care- 
fully with 'solvent, then dry and oil it 
lightly before you put it in the case. 

\ * 1 
SAFETY PRECAUTIONS 

The application of organic coatings 
presents many hazards that must be rigidly 
controlled. The ndsts and vapors produced 
by spraying may be easily ignited. Repeated 
exposure to the coating materials may pro- 
duce dermatitis. Many coating materials also 
^contain toxic substances which are harmful 4 
when inhaled. In the interest of safety, it 
is essential that all coatings be applied 
according to accepted safety standards. 

We cannot overstress the health hazard 
to personnel caused by polyurethane paint. 
The paint can produce irritation of the 
skin, eyes, and respiratory tract during 
mixing and application. Allergic sensitiza- 
tion of personnel exposed to the vapors 
and raises produced during spray application 
may occnh and cause difficulty in breath- 
ing* cough, and shortness of breath. 
Individual Susceptibility appears to be a 
controlling factor \ Once sensitized, many 
workers cannot tolerate even a minimum sub- 
sequent exposure and must thereafter avoid 
work areas .where such exposure could occur. 
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"Figure 18. - Wet film gage. 

When you are mixing, . painting, or 
working with polyurethane paint in con- 
fined areas, use adequate ventilation and 
appropriate face-mask tJiathing protection 
to minimize toxicity effects. For adequate 
protection while painting with an air 
spray gun, you must wear a w^U-fitted, 



double cartridge organic vapor respirator 
with fresh cartridges, solvent-resistant 
gauntlet style gloves, and safety goggles* 
Painters should be fully clothed with col- 
lars buttoned and sleeves taped at the 
wrist.*. Personnel, engaged in mixing or ap- 
plying . polyurethane paint should have med- 
ical surveillance* 

HEAljJH PROMOTION 

Education of all personnel is neces- 
sary if injuries and' illnesses are to be 
kept low. Each person must be fully aware 
of the hazards involved in his job and the 
protective measures that are prescribed for 
his safety. Supervisors must make certain 
that all safety regulations and precautions 
are strictly observed. 

Ventilation 

Forced air ventilation must jfe pro- 
vided to all spray booths to prevent accu- 
mulation of dangerous vapors. The air velo- 
city across the face of the booth must not 
be below 150 * feet per minute. Spraying 
should always be done with the spray gun 
pointed .toward the spray booth waterfall. 
When forced air ventilation is impractic- 
able, such as when doing minor touch-up, 
you should wear a suitable respirator. 

Fire Hazards . 

* All potential sources of ignition 
should be removed from the shop area. All 
electrical .equipment and fixtures must be 
explosion-proof and grounded. All objects 
that ccSuld produce static electricity must 
be grounded before spray painting . ' Rags 
and other waste materials saturated with 
paint must be placed in covered metal cans 
and , -emptied daily. ' , 

Touch-up painting is permissible,, but 
spray painting of an entire aircraft is 
prohibited in operational, maintenance, or 
storage haiYgars. Touch-up spray painting 
during regular maintenance is defined as: 

1. Spray painting of disassembled 
parts. 

2. Stenciling data, insignia, iden- 
tification marks, etc. ■* * 

3. Painting surface areas less than 
50 square feet. ' 
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Cleanliness 

We must emphasise keeping the shop 
area clean. Use caution to prevent unneces- 
sary spillage, accumulation, or evaporation 
of coating materials. Clean up spills and 
other contaminants immediately, *nd provide 
suitable 'receptacles for the disposal of the 
waste products* 

Personal Protective Equipment 



bevfer other means of hazard control 
fail to provide complete protection, per- 
sonal protective- clothing and. equipment 
should be worn. A respirator must^be worn 
when the ventilation is not adequate^Wben 
you are not wearing a respirator, wear some 
form of filtering device to prevent inhala- 
tion of paint overspray. While painting, 
we&r clothing that cojnpletely cavers the 
body, as continuous contact with coating 
materials may cause detmatitis. 

Personal Hygiene 

Personal cleanliness is essential when 
working with coating materials. Always wash 
your hands upon completion of any coating 
operation. Clean protective clothing fre- 
quently and, when not in use, keep it out- 
side" ^the spray room." Do not hang it in con- 
fined lodcers that may induce spontaneous 
combustion. ^ 

If hand creams are available, apply 
them before any coating operation. This 
prevents dermatitis and permits easy re- 
moval pf the coaling products. If desired, 
you may also apply hand cream to your face. 
One application will give several hours 
of protection unless the hands have been 
wetted with water. Upon conviction of the 
coating operation, you can easily remove 
the* hand cream with skin cleanser and 
water. 

STORAGE OF COATING MATERIALS 

* 

These items should be stored, whenever 
possible, in dry, fire-resistant, well- 
drained, and well-^ventilated " structures, 
preferably separated from other buildings, 
and under automatic sprinkler protection. 

" You should not use space heat ers x and other 
direct-fired heaters to heat storage areas. 
Floors should *be concrete and drained to one 
point . The drain should run to a sump or 
detached cistern and have a deep trap. The 

, storage structure should be ventilated with 



screened inlet air vents 6 inches above the 
floor and screened outlet vents through the 
roof. TfcLs will allow paint fumes to escape. 
You should provide* protection for paint 
containers against wetting by rain, snow, 
steam leaks, or other sources of water. 
Coating materials must be scored separately 
from greases, oil, rags, jwood, and other 
similar combustible materials. 

\ 

To avoid direct heat on the materials, 
do not store them near steam lit^s or other - 
sources of heat. It is recommended that 
steam heat be used with heating coils -atoerve ^ ^ 
the stock, with the coils screened to pre- 
vent them from contacting the containers. 
You should not store paint on floor below 
grade (ground level). In any case, you 
should lay the first tier of containers 
at least 2' inches above the floor level 
to allow suitable ventilation and drainage. 

, Paints and paint thinner packaged in 
5 5 -gall on steel drums may be stored out- 
doors, provided the containers are pro- 
tected against rusting. To protect the con- 
tainers, paint the bare metal areas^ and 
set the drums on scrap lumber so as to pro- 
vide approximately 2 inches clearance above 
the ground. * 

t Containers of paiiit may develop inter- 

nal pressure from high ten^eratures. This 
condition is apparent as p bulging of the 
light gage "tin" containers but is not evi- 
dent in the heavier gage , steel drums. 
Therefore, you must open, containers with 

^care to allow the pressure ■ to dissipate 
ilowly^befoi^^e seal is #<( Conpletely re- 
moved. Failure to^observe.this precaution 
may result in your being spattered by the 
material exploding because of the "sudden 
release- df pressure. If a container is * 
sealed with a bung, op erf it by turning out 

, the bung slowly until you hear a hissing 
sound. When the "hissing ceases, indicating ^ 
equalization of pressure with the -atmos- 
phere, you can completely remove the bung. 

"Containers should be readily accessible 
at all times. Do not stack other materials 
ori top of coating materials. Store con- 
tainers ^nd issue them in the order of the 
dates of manufacture shown ori the respective 
labels. Use material bearing the oldest date _ 
first. In the ev^nt of date of manufacture 
is not shown on the container, use the date 
of receipt as the approximate date of manu- 
facture for purposes of storage and issue. 
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LOGBOOK RECORD ENTRIES FOR AIRCRAFT 
PAINTING 

A logbook or record entry must be made 
anytime ah aircraft is completely, painted 
or if 15 percent of the aircraft is 
painted. An entry is also required if a 
major subassembly, such as a wing, tail 
group, or tail cone is painted* The entry 
must include the aircraft type and serial 
number, activity doing -the painting, lo- 
cation of the activity, and the date the 
painting was completed, 1 Complete identifying 



information for ail materials used for 
painting, such as paints , thinners, activa- 
tors, and strippers, "must be entered*. The 
identifying information" must include the 
specification number, manufacturer, batch 
number, and brand ol* trade name of * the 
paint material* The above information must 
be entered on the aircraft AFTO Form 95. 

The painting information must be re- 
corded so that there will be a record of 
the latest painting information for all 
surfaces of the aircraft* Previous painting 
information which is no longer applicable 
should be removed or made obsolete* 



4* 
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QUESTIONS 

13. The primary objective' of any paint 
finish is* ; 

14. . When painting or touching-up air- 
craft, what directive must you comply with? 

15. In .surface preparation for painting, 
before applying the deaner-*rightener, you 
should wipe down all sanded surfaces and 
hare metal with ; , 

16. After applying the epoxy primer coat-' 
ing, you should "allow it tfe dry for 
hours* 

17. If polyurethane paint is not properly 
thinned, what will result? 

18. When should you remove masking tape 
from a polyurethane painted surface? 

19. How. can you improve the retention 
capability of decals on polyurethane coat- 
ings ? 

20. When using an internal-mixing spray 
gun, where are the paint and air mixed? 

21. When spray painting, 'air pressure that 
is too high will cause . - 

22. When spray- painting, how can you re- 
duce overspray . at the right and left ends 
X>f a panel? 

23. How should you clean clogged side 
ports on a paint spray gun mixing cap? 

24. What are the two methods of measuring 
paint film thickness? 

25. Cans containing rags and waste mater- 
ials saturated with paint must be emptied 



26. A bulge in a paint can of ligljt gage 

"tin" indicates 

* 

27. When is a logbook entry required for 
painting an aircraft? - * 



13. The protection of* exposed sur- 
faces against deterioration (Page 13) 

14. CGTO 42A-1-2 (Page 15) 

15. A 1 to 1 mixture of xylene and 
acetone (Page* 15) 



16. 



1 - 2 (Page 16) 



17. Chipping will occur, especially 
around fastener holes. (Page 17) 

18. Before -the paint is allowed to 
dry. (Page 18) 

19. Lightly sand or roughen the surface 
(Page 19) 

20. Inside the spray cap (Page 20) 

21. ' thin center of the spray pattern 
(Page 23) ' ' 

22. Use a banding technique (Page 23) 



23. Dissolve 'the ittied material with 
thinner or so^nt {Page 23) 

.24. 1 Wet and dry methods (Page 25) 

25. daily ("age 26) 



26.. Internal pressur^from high 
temperatures (Page 27} 

j 

27. Anytime an aircraft is completely' 
painted or. if }5 percent of the aircraft 
is painted (Page 28), 
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PAMPHIET REVIEW QUIZ 

Directions: Cover the answers ta the questions 'with 
the enclosed Answer Key Mask. Carefully 
answer the questions; then remove the mask 
to check with the printed answer. If you 
'answered any % question incorrectly, refer 
^to the text material. 



QUESTIONS 

1. To properly use a power sander, you 
should keep the sanding disc tilted to an 
angle of , s degrees against the wofrk. 



A. 
B. 
C. 



_5 
10 
15 
20 



2 . When you are grinding on a- metal sui>- 
face, . excessive heating can alter the grain 
structure and can result in . 

A. fatigue cracks 

B. warp age 

p. work hardening, 
D. severe corrosion 



1. B - You should keep the sanding 
disc tilted to approximately a 10- , 
degree angle so that only one side of 
the disc is in contact with the metal 
surface. (Page 2) % 



2. D - When you are grindi 
excessive metal heating alters the 
granular structure, which can result 
in severe corrosion. (Page 2) 



3. Which part of a vacu-blaster will trap 
oversized debris that is picked up by the 
vacuum hose? 

* A. Dust collector 

* IT. Dust tray 

C. Abrasive reclaimer 
D .* Vibrating screen 

4. The entire vacu-blaster unit.- operates 
on an air supply of ■ . 

A. 50 cfm at 100 psi 

B. 75 cf m *at ISO psi 

C. 100 cfm at* 100 psi 

D. 150 cfm at 150 psi 

5. The corrosion removirig compound, MIL- 
C-38334, is used to chemically remove cor- 
rosion from . and its alloys. 



A. 
B. 
C. 
D. 



aluminum 
magnesium 
plated steel 
titanium 



3. D- Oversized debris is trapped by 
the vibrating screen, which must be 
periodically cleaned. (Page 4) 1 



4. C - ffhe entire vacu-blaster unit 
operates on an air supply of 100 cfm 
at 100 psi. (Page 5) 



5. A - The corrosion removing compound, 
MIL-C-38334, is used to chemically re- 
move corrosion from aluminum and its 
alloys. .(Page 5) 



6, How should you remove heavy- corrosion 
on small removable aluminum parts? 

A. Use a stainless •■ steel powered 
brush 

B. Use a^parbide tipped scraper 

C. Immerse in an alkaline remover * 

D. Immerse in a phosphoric-chromic 
acid solution 

7. What, chemical should you use. to con- 
dition a corrosion resistant steel surface 
before painting? # ' • » 



6. D - Table 1. (Page 4) 



re- 



A. ftitri<>-hydrofTubric acid 

B. Phosphoric* acid base rust 
mover 

C. Chromic acid pickle solution 

D. Pasa^Jel\ 101 



8. If acid 4s used to remove corrosion 
from high strength steel, the acid will 
cause m . * 

A. hydrogen embrittlement 

B . case hardening 

"C. intepgranular corrosion 
D. inclusions 

9. The alkaline corrosion < remover is used 
for removing corrosion from * alloys. 



A. 
B. 

C. 
D. 



aluminum 
magnesium 
ferrous 
titanium 



10. The metal plating process is a method 
of producing a metallic coating on the sur- 
face of a metal by '• means. 

A. electrochemical . 

B. mechanical 

C. magnetic 

D. "dielectric 

11. An oxide film formed on a metal sur- 
face as the result of a chemical treatment 
is more corrosion and . resistant 
than a natural film. 



A. 
B. 
C. 
D. 



heat 
fatigue 
contaminant 
wear 



7. B - Phosphoric acid base rust 
remover is used to condition sjreel, 
corrosion resistant steel, and* copper' 
surfaces ffefore painting. (Page 7) 



8. A - Never use an acid solution to 
remove corrosion from high-Strength- 
steel parts; acid causes hydrogen em- 
brittlement of the steel. (Page 7 



i 



9. C - Use the alkaline corrosion re- 
moving compound tg remove corrosion 
from ferrous and cbpper alloys. (Page 7) 



10. A - Plating is a method of producing 
a metallic costing by electrochemical 
means. (Page. 8) * ' 



11. D - Oxide films are more cdtrosion 
and ?wear resistant than natural films 
and give the parts greater service life. 
(Page 8) 
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12. Where should • you store toxLc mater- . 
ials? 

t 

A. In the paint locker 

B. In a completely enclosed ©and 
locked area . 

C. In the grefcse and oil locker 

D. In the battery shop 

13. Complete aircraft refinishing under 
field conditions should be attempted £)NLY 

.if the existing finish * 

A. is faded 

B. is stained 

C. fails to protect 

D. fails to reduce heat absorption 

.14 • Aircraft "Painting and - Marking De- 
tails" drawings are maintained and fur- 
nishefd to operating units by 

A. Commandant G-EAE 

B. the prime unit 

C. AR&SC 

D. the aircraft manufacturer • 

15 . The standardized Coast Guard aircraft 
paint system consists of an improved epoxy 
primer and a • coating. 

A. polyurethane 
B • lacquer 

C. ' epoxy , 

D. , enamel 

46* After thinning, stirring, and strain- 
ing epoxy primer, MII/-P-23377B, you should 
. allow the primer to stand for a MINIMUM 
of ^^^^ minutes before use. 

A. 15 

B. 30 

C. 45 
. D. 60 

17, Depending on the 'temperature, the air 
pressure for spraying polyurethane paint 
with the conventional hand pot spray gun 
is _ psi. 

A. 40-45 

B. 50-55 

C. 60-65 

D. 70-75 



2>S>0 

12. B - Areas in which toxic materials 
are stored and mixed should be completely 
enclose< and locked to prevent the 
materials falling into the hands of un- 
authorized personnel. (Page 9) 



13. C - Complete refinishing under 
field conditions should be restricted 
to those areas where existing paint 
finishes fail to perform their protec- 
tive function. (Page 13) 

* 

14. C - AR&SC maintains current draw- 
ings for all Coast Guard aircraft models, 
and applicable copies are finished to 
operating units initially, upon revision 
of ar drawing, and upon request. 

(Page 15) 



15. A - The Coast Guard standardized 
paint system consists of an improved 
epoxy primer, MIL-P-23377B, and a 
polyurethane coating, MIL-C-81773 (AS) 
or MIL-C-83286 (USAF) t (Page 16) 



16. D - The thinned primer should be 
stirred thoroughly, strained, and allowed 
to stand 1 hour before use. (Page 16) r 



17. C - For the conventional hand pot 
spray gun, the air pressure should be 
'60-65 psi, dependent on the temperature. 
(Page 17) 
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18. Wfien sprayed, unthinned polyurethane 
paint appears * 

>• A. gritty . ■, 

8. unsmo6th 

c. . v 4uii r ♦ 

D. lustrous 

19.. When you measure paint viscosity with 
a Zahn cup, the viscosity is expressed in 
* through the cup. 

A. seconds * 

B . 1 minutes 

C. liters 
D • ounc es 

* 

20. How should you grepare a painted fi- 
berglass surface far repainting? f 

A. Sand lightly with 320-400 wet or 
dry sandpaper 

B. Soften the old paint with ace- 
tone 

C. Remove the old paint with paint 
remover t 

D. Remove the old paint with a met- 
allic scraper 

21* What type of paint finish is reqtfclred 
for radomes? 



A. 
B. 
C. 
D. 



Polyurethane 
Lacquer 
Epoxy 
Enamel 



22. A suction-feed spray gun can be iden- 
tified by the .» 

A. two hoses attached to the gun 

B. internal-mixing spray cap ' 

C. absence of an air vent hole in 
the paint cup cover 

D. presence of an air vent hole in 
the paint cup cover 

23. When you are spray painting, hoj^ling 
the spray gun too far from the work causes 

a - 

A. weak center spray pattern 

B. heavy wet coat 

C. dry spray 

D. coarse, spattered effect 



18. B - If no thinner is mixed with . 
the paint, its application will not.. be 
smooth and will have an orange-peel 
effect. (Page' 17) 



19. A - Viscosity is expressed in 
seconds through the cup. (Page 17) 



20. A - The approved Coast Guard' method 
for touch-up of fiberglass surfaces is 
to use lacquer thinner to thoroughly^ 
clean the area to be repainted and sand 
lightly with 320-400 wet or^dry sand- 
paper. (Page 18) * . 



21. C - Two epoxy systems are approved 
as the "paint finish for radomes. (Page 19) 



22. D - A' suction- feed spray gun can - 
be identified by the presence of an air 
vent hole in the paint cup cover. (Page 20) 



23. C - Generally, the distance varies 
from 6 to 10 inches. Holding the spray 
gun at a greater distance causes a dry 
spray and excessive spray dust. (Page 23) 
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24. When you are spray fainting, a dis- 
torted spray pattern is caused -by a/ an : . 

A. clogged air valve 

B. clogged side port 

C. weak trigger spring 

D. improperly adjusted air control 
* screw 

25. Which instrument for measuring paint 
thickness operates on the principle of mag- 
netism? 

A. Depth micrometer * 

B. Dial indicator 

C. * Wet film gage 

D. Dry film gage 

26. While painting, you should wear cloth- 
ing that completely covers the tody to pp#- 
vent » 



A, psoriasis 

B . chemical burns 

C. dermatitis 

D. . hepatitis 1 * ^ 

Aircraft painting information should 
entered in the aircraft logbook on AFTO 



27. 
be 



Form 



0 



A. 
B. 
C. 
D . 



44 

95 
103* 
781 



24. B - Paint can clog the side ports 
of the mixing cap and restrict the pas- 
sage of air so that the full air pressure 
from tfte clean side port forces the fan 
pattens in the direction of the clogged 
side, causing a distorted spray partem. \ 
(Page 23) - . 



25; D - The 4ry film gage operates on 
the- attraction power of a permanent 
magnet through a nonmagnetic eoating 
to the steel base. (Page 25) 

* • * 

26. C - While paint irig you should wear 
clothing that completely covers the-^ 
body, <a^-qontinuous contact yith-SfflKing 
materials may cause* dermatiti^ < 
29) 



27. B - Aircraft-painting information 
'must ^entered on the aircraft AFTO 
Forfc%. (Page 30) 
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